Evaporation and Potential Evapotranspiration in Central Iraq by Al-Barrak, Ala H.
Utah State University 
DigitalCommons@USU 
All Graduate Theses and Dissertations Graduate Studies 
5-1964 
Evaporation and Potential Evapotranspiration in Central Iraq 
Ala H. Al-Barrak 
Follow this and additional works at: https://digitalcommons.usu.edu/etd 
 Part of the Civil and Environmental Engineering Commons 
Recommended Citation 
Al-Barrak, Ala H., "Evaporation and Potential Evapotranspiration in Central Iraq" (1964). All Graduate 
Theses and Dissertations. 1549. 
https://digitalcommons.usu.edu/etd/1549 
This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 
UTAH STATE UNIVERSITY 
'III'''' II'~ II II II I'll II II I lillI' 3 9060 01107 4712 
EV APORA TION AND POTENTIAL EV APOTRANSPIRA TION 
IN CENTRAL IRAQ 
by 
AUt PI. Al":,Ea:rrak 
EV APORA TION AND POTENTIAL EVAPOTRANSPIRA TION 
A:gproved: 
IN CENTRAL IRAQ 
by 
Ala H , AI-Barrak 
A thesis submitted in partial fulfillment 
of the requirements for the degree 
of 
MAS TER OF SCIENCE 
in 
Irrigation and Drainage Engineering 
~epart~ 
UTAH STA TE UNIVERSITY 
Logan. Utah 
1964 
ACKNOWLEDGMENT 
I wish to express my deepest gratitude to my major professor 
and thesis director, Professor J. E. Christiansen, for his helpful 
advice, whole -hearted support, and constant encouragement through-
out the period of this study. 
I also express my thanks to Mrs. C. W. Lauritzen, Editor 
of the Utah Water Research Laboratory, for her editorial assistance 
and technical aid in preparing the manuscript. 
I wish also to recognize the kind assistance of my friend, 
Mr. Mounim Al-Shaikhly, Head of Operations and Maintenance, 
General Directorate of Irrigation, at Baghdad, Iraq, in obtaining for 
me most of the data used in this study. 
Ala H. AI-Barrak 
11 
ABSTRACT 
The principal objectives of this study were to compare several formulas 
for estimating pan evaporation and evapotranspiration and to derive new 
formulas or modify existing formulas that will better fit the data for central 
Iraq. Computed evaporation was compared with measured evaporation by 
determining the differences and the ratios. The pan evaporation formulas 
were also compared by expressing them all in the form 
Three pan evaporation formulas were modified. For the Meyer and 
Utah formulas, the constants were changed and expressions were derived 
for monthly coefficients. For the Blaney-Criddle formula, an expression 
for k was derived in which k is a function of the mean temperature~ 
wind velocity, and the month. 
For potential evapotranspiration, two formulas were modified to give 
reasonable values for January and July. For the Blaney- Criddle formula, 
an expression for k was derived in which k is a function of ternperature. 
Gras si IS forrnula 3a, which expres se s evapotranspiration as a function of 
pan evaporation, was rnodified by deriving a new expression for the 
ternperature coefficient. 
From these rnodified forrnulas, potential evapotranspiration and pan 
evaporation can be estimated from climatic data without applying any 
judgrnent factor, as is ordinarily necessary in using the Blaney-Criddle 
formula. 
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INTRODUCTION 
Iraq, formerly called Mesopotamia, includes all the irrigable 
lands in the Tigris and Euphrates river valleys. Because the 
climate of the country is hot and arid, irrigation is essential, 
especially in the southern and central parts. At Baghdad, the 
mean annual rainfall is about 5 inches, and the mean annual 
temperature is 73 degrees F. The northern part of the country 
is semiarid, the only exceptions being the high mountain valleys 
in the far north. Most of the annual precipitation occurs during 
the winter and early spring. The climate of Iraq is similar to 
that of CalifornIa, except that, for comparable elevations, the 
temperature in Iraq is about 10 degrees higher and the humidity 
is lower than in California. 
In Iraq, the practice of irrigation is very old, probably 
dating from the time when man first began the cultivation and 
harvesting of crops. Until 700 years ago, when the Mongols 
overran the country and reduced it to a land of bare subsistence, 
the country maintained a position in the forefront of civilization. 
Throughout its long history, Iraq's prosperity and cultural 
advancement have been closely related to its irrigation development. 
Several centu.ries ago, when the irrigation systems were at their 
highest state of development and operation, the population was 
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large (three or four times the present population of 8 million), powerful 
and prosperous; and wealth was available for the arts and sciences. 
When, for any reason, the irrigation systems declined, the prosperity 
and civilization also declined. 
The valleys of the Tigris and the Euphrates are a geosyncline 
formed many thousands of years ago. The land is fertile and productive, 
except where affected by salinity, and will produce a wide variety of 
crops in great abundance when properly irrigated and maintained. At 
the present time, two-thirds of the people of Iracfa're dependent on 
irrigated ,agric,lilturJe for their'livelihood. 
The Tigris and Euphrates rivers provide a dependable flow of 
water of good quality. They have their beginnings in the high mountains 
in eastern Turkey. Although the annual discharge of the two rivers is 
quite large, the quantity of storage is relatively small, and the low flow 
is critical from the standpoint of irrigators. 
Water is the limiting factor in the expansion of irrigated areas in 
Iraq. The parts of the valleys not served by water from the rivers have 
no chance of acquiring water for irrigation because the development of 
groundwater is not economical, and in some places the water is not of 
suitable quality. Conservation of existing water supplies is, therefore, 
of first importance in the economy of the country. To meet this need, 
more information on evapotranspiration and the irrigation requirements 
for satisfactory crop production is neces sary. A knowledge of use of 
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water by plants is needed in planning large irrigation projects as well 
as farlTI irrigation systelTI layouts, and in ilTIproving irrigation practices 
to conserve water and soil. 
Data on ev~poration and evapotranspiration in Iraq is lTIeager, and 
planning lTIust proceed on the basis of estimates. The purpose of this 
study is to cOlTIpare the various lTIethods of, and to outline a practical 
procedure for, estilTIating evaporation and evapotranspiration, and of 
irrigation requirelTIents,frolTI the available clilTIatological data and 
existing inforlTIation on water use. COlTIparisons ar~ lTIade of the various 
methods of estimating evaporation and evapotranspiration for the climatic 
conditions of central Iraq, where sum..mer~ternperature~ a:te' very high 
and humidities ~re ve;ry!ow:. 
Water requirelTIents of crops grown under different conditions of 
clilTIate, soil, cropping pattern, and water supply have been the subject 
of many research studies since about 1900. One of the first of such 
studies of use of water by irrigated crops was ITlade in southern 
California in 1903 by the Irrigation Investigation Section of the Office of 
ExperilTIent Stations of the U. S. DepartlTIent of Agriculture. 
Various lTIethods have been used to ITleasure or determine the 
amount of water consumed by crops and natural vegetation. Procedures 
include the direct measurement of evaporation; and, for evapotranspiration, 
tank and lysimeter deterlTIinations, field plot experiments, soil moisture 
depletion studie s, and the inflow -outflow method for lar ge areas. 
The results of such studies have been correlated with evaporation 
as measured by pans or other evaporimeters, and with climatic data. 
From these correlations many formulas and equations have been 
proposed for estimating evaporation or evapotranspiration. The most 
common are those of Lowry and Johnson (1942), Penman (1948), 
Thornthwaite (1948), Blaney and Criddle (1950), and Hargreaves 
(1956). Many others have proposed formulas, or modifications of 
other formulas. Some of- thes6:£ormulas ;are discus se'd in this. thesis. 
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OBJECTIVES 
The objectives of this study are: 
1. To discuss the various methods of estimating evaporation and 
evapotranspiration in considerable detail so that the thesis may serve 
as a handbook on the subject 
2. To compute evaporation and potential evapotranspiration, or 
consum.ptive use, based on clim.atological data obtained at Baghdad, 
Iraq, using various formulas and equations 
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3. To compare the results of the form.ulas and equations with the 
actual evaporation and evapotranspiration to find which formulas are most 
suitable for application in Iraq 
4. To modify existing formulas, or to develop new formulas that 
best fit the data from central Iraq, where temperatures and wind 
velocitie s are relatively high and the humidi tie s in summer are low. 
DEFINITION OF TERMS 
Water requirements 
Irrigation requirement is the quantity of "water, exclusive of 
precipitation, that is required for crop production. It includes 
surface evaporation, leaching requirement, and other economically 
unavoidable wastes. It is usually expressed as a depth per unit of 
time in units of millimeters or inches per day or per month. 
Leaching requirement is that fraction of the irrigation water 
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applied that must be leached through the root zone to control soil salinity 
at any specified level. 
Evaporation 
Evaporation is a process by which water changes to a vapor through 
the absorption of heat energy. It is that part of evapotransp~ration which 
occurs directly from water or moist surfaces. Lake evaporation may 
be considered to be that moisture which evaporates from any relatively 
large body of water. Pan evaporation is the measured evaporation 
from a standard pan, one of the most comITlon of which is the U. S. 
Weather Bureau Class A pan, which has also been adopted by several 
other countrie s. Other instruments, such as atmOITleter s, black porous 
plates, and the Piche evaporiITleter, are also used to measure evaporation. 
Many attempts have been made to determine relationships of the 
evaporation as measured by the various instruments, and to relate the 
measurements to lake evaporation. 
Evapotranspi ra ti on 
Evapotranspiration is the term used for combined evaporation 
and transpiration. It is defined as the sum of the volumes of water 
used per unit area by the vegetative growth in transpiration and that 
evaporated from the soil, snow, or intercepted precipi tation on a 
given area in any specified time. Evapotranspiration is commonly 
expressed in units of depth per unit of time {millimeters or inches 
per day or per month}. The term consumptive use is essentially 
synonomous with evapotranspiration. 
Potential evapotranspiration 
Potential evapotranspiration is the evapotranspiration that occurs 
when the ground is completely covered by actively growing vegetation 
and there is no limitation in soil moisture. It may be considered to 
be the upper limit of evapotranspiration. 
Soil moi sture 
Available moisture is the quantity of water in the soil that is 
available for plant use, as lirnited by the field capacity and the 
permanent wilting percentage. It is expressed as percentage of the 
dry weight of the soil, or as depth of water in a given depth of soil. 
The desirable practice is to replenish the available moisture before 
the wilting percentage is reached. 
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Irrigation efficiency is the percentage of irrigation water 
delivered to the farm. or field that is available in the soil for consum.p-
tive use by the crops. When m.easured at the farm. headgate it is 
called the farm. irrigation efficiency. When m.easured at the field 
or plot it is designated as field irrigation efficiency. It is the am.ount 
of water delivered less the unavoidable losses, expressed as a 
percentage of the water delivered. Unavoidable los ses include los ses 
by deep percolation (including seepage from. ditches) and runoff. 
Losses by deep percolation are those which occur as a result of the 
downward m.overnent of the water below the root zone of the crop. 
These losses m.ay be greatly affected QY the uniform.ity or lack of 
uniform.ity of application. 
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REVIE W OF LITERA TURE 
Literature on evapotranspiration is extensive. Many papers have 
been published during the past fifty years. Robinson and Johnson (1961), 
of the United States Geological Survey, published a compilation of the 
literature for the years from 1800 to 1958. A bibliography compiled 
by Christiansen and Lauritzen (1963) includes some of the more recent 
publications and reports. 
Factors affecting evapotranspiration 
The rate of transpiration depends on the specific crop, climate, 
soil moisture supply, salinity, and vegetative cover. Factors included 
in climate that particularly affect evapotranspiration are solar radiation, 
precipitation, temperature, daytime hours, humidity, wind velocity, and 
length of growing season. The quantity of water transpired by plants also 
depends upon the availability of moisture within the root zone, the stage 
of development of the plant, the amount of foliage, and the nature of the 
leaf surfaces. Many of these factors are interrelated, and their specific 
effect on evapotranspiration is difficult to determine. 
The solar radiation which arrives on the surface of the earth is 
the main source of the energy supply. Part of this energy is used in 
evapotranspiration, part is reflected or radiated back into space, and 
part is used in heating the soil, the air, and the vegetation. The amount 
of energy received by the plants depends on the crop cover and stage of 
growth. 
PenIllan (1948), Jensen and Haise (1963), Pruitt (1960), Grassi 
(1964), and others have proposed forIllulas for evapotranspiration 
that are based, at least in part, on radiation. Richardson (1931), 
Christiansen (1960), Christiansen and Patil (1961), Patil (1962), and 
Mathison (1963) have proposed forIllulas for estiIllating evaporation. 
SOIlle of these forIllulas are based on the theoretical, or extra-
terrestrial radiation that reaches the outer surface of the atIllosphere, 
and others are based on radiation received on the surface of the earth. 
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The heat available for evapotranspiration is called net radiation, 
which is the difference between the incoIlling, and the reflected plus the 
long-wave radiation. During the day, part of the net radiation goes 
into heating the air, a sIllall part goes into heating the soil and the 
vegetation, and the reIllainder is available for evapotranspiration. The 
evaporation which occurs at night is dependent on the heat supplied 
during the daytiIlle to the water, the soil, and the air. 
In hUIllid and subhuIllid regions, only sIllall aIllounts of heat are 
extracted frOIll the air Illoving over large fields. SuoIlli and Tanner 
(1958) showed, frOIll experiIllents in Wisconsin, that, for an irrigated 
pasture, a IllaxiITlUIll of 25 percent of the total evapotranspiration caITle 
froITl heat derived froIll the air passing over the crop. 
In arid regions, ITlost of the net radiation goes into heating the 
soil, which in turn heats the air through conduction. The difference 
in temperature between the heated air and the irrigated crop may be 
large. Thus, the energy for evapotranspiration m.ay be partly extracted 
from. the air over the crop. As the tem.perature difference between the 
evaporating surface and the air increases, the rate of heat exchange 
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also increases. When turbulence increases with increasing wind velocity, 
the sam.e is true. Variations in the evapotranspiration rate occur from. 
day to day because of change·s in the available energy. A hot, dry, windy 
day will increase the rate of evapotranspiration, whereas a cool, dam.p, 
still day will decrease it. 
Less net radiation is used in evapotranspiration as the soil 
becom.es drier; consequently, the surface tem.perature rises and a 
greater transfer of heat from. the soil surface into the air results. 
Water supply to plants 
The soil m.oisture within the root zone is the prim.ary factor 
affecting the water supply available to the plants. This depends on 
rainfall and irrigation as well as on stored m.oisture in the soil. The 
salinity of the soil solution in contact with the roots also affects the 
availability of the m.oisture to the plants as it increases the soil 
moisture potential. Soil conditions that affect or lim.it the root 
growth and developm.ent, indirectly affect the m.oisture supply. 
Som.e investigators, including Veihm.eyer (1927), Veihm.eyer and 
Hendrickson (1943, 1955), and Veihm.eyer, Pruitt, and McMillan (1960) 
express the point of view that soil m.oisture is not a lim.iting factor 
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until it approaches the wilting percentage. Gardner and Ehlig (i 963) 
indicate that soil moisture begins to be a limiting factor as plants begin 
to wilt and that thereafter, the rate of transpiration is a linear function 
of the soil moisture. Some writers have assumed that the transpiration 
rate is directly proportional to the available moisture in the soil. 
Thornthwaite and Mather (1955) indicate that actual evapotranspiration 
decreases gradually as the soil dries out. They showed smooth curves 
based on the assumption that the rate of evapotranspiration was propor-
tional to the amount of available moisture in the soil. 
From experimental work done on cotton, peanuts, and grain-
sorghum crops in Australia, Slatyer (1956) reported the same conclusions 
as those of Thornthwaite and Mather. Halstead (1952), in work done at 
O'Neil, Nebraska, found that the fraction of net radiation used in 
evapotranspiration was a linear function of the soil moisture content. 
Lemon (1957) indicated that when the soil moisture tension was fifteen 
atmospheres (wilting point) the evapotranspiration of cotton was zero. 
All of the net radiation was going into the air as sensible heat flux. 
For low soil moisture tension, evapotranspiration was about 1. 25 
millimeters per hour, which was more than twice the energy available 
from radiation. The balance came from sensible heat. 
Other soil factors also influence evapotranspiration. The moisture 
potential, or the amount of energy that is required to remove a unit of 
moisture from the soil, and the rate of water flow to the evaporating 
surface or to the plant root have an effect on evapotranspiration. 
Plant factors 
Kind of crop and stage of growth certainly have marked influence 
upon evapotranspiration, Israelsen and Hansen (1962). They show that 
the evapotranspiration rate increases to a peak and then diminishes as 
the crop matures. The physiology of the growing plant can be charac-
terized by flowering, fruiting, and other distinctive characteristics, 
such as tas seling, which occurs in corn. Peak use corn.es at the 
beginning of flowering and at the end of the vegetative stage of growth. 
Plants influence the net radiation because of the difference s in 
their albedo. King (1957) reported that a dark green crop reflects les s 
radiation than a ripening grain field. Penman (1948) also pointed out 
the im.portance of height and shape of vegetation, indicating that 
transpiration for m.aize is about twice that of a close -clipped grass 
cover. 
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The spacing between plants, or percentage of crop cover, influences 
evapotranspiration. Jensen and Haise (1963) stated that the ratio 6f 
evapotranspiration to available energy increases rapidly for annual 
crops as the transpiring surface area develops. Tanner (1957) indicated 
that the heat exchange between air and plants increased when the 
turbulence of the air over the surface is increased with increasing 
wind speed and surface roughness. Bll-singer (1956) also reported that 
the amount of available heat for potential evapotranspiration is affected 
by the surface roughness of the crop. 
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Graham and King (1951) showed that when the soil was adequately 
supplied with moisture and the surface was moist the stage of development 
of corn plants had little effect on the fraction of the net radiation utilized 
in evapotranspiration. 
Lemon and Glaser (1957) reported that the transpiration rates 
from cotton dropped rapidly with the maturation of the plants. Other 
plants may have changing response"s at different stages of growth. 
Relation of evapotranspiration to evaporation 
Many attempts have been made to correlate evaporation and 
evapotranspiration. Pruitt and Angus (1960) used a weighing lysimeter 
to determine evapotranspiration for ryegras s. When they plotted 
evapotranspiration versus evaporation for a U. S. Weather Bureau 
Class A pan located in a large grass field, and omitted data for days 
when there was a dry north wind, an almost straight line relationship 
was found. The normal ratio of evapotranspiration to evaporation is 
about 0.70 to 0.80. The ratio drops as low as 0.3 for days of high 
advection (dry north wind). The authors yxplairi that the cause of 
the difference in ratio is the additional sensible heat transfer through 
the walls of the pan on the strong advection days and that there may be 
some control by the plants of transpiration in the high advection days. 
Patil (1954), Denmead and Shaw (1959), and Kijne (1961) concluded 
that the ratio of evapotranspiration to evaporation varies during the 
growing season and depends on the stage of growth of the crop. Some 
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of the energy available is not utilized by the crop in the early stages of 
growth when the ground is not completely covered. Physiological changes 
in the plants result in a reduction of evapotranspiration in the later stages, 
as the crop matures. Penman found that the ratio of evapotranspiration 
to evaporation, Et/Ev, varied with the season as given below. 
Season 
May to August 
March, April, September, October 
November to February 
Average for the year 
Et/Ev 
0.80 
0.70 
0.60 
0.75 
Direct methods of determining evapotranspiration 
Various methods have been used to determine the amount of water 
consumed by agricultural crops and natural vegetation. The source of 
water used by plant life, whether from precipitation alone, irrigation 
plus rainfall, or groundwater plus precipitation, is a factor in selecting 
a method. The principal methods are: tank and lysimeter experiments, 
field plot experiments, soil moisture depletion studies, the integration 
method, and the inflow-outflow method, for large areas. 
Tank and lysimeter experiments.. Young (1933) and Young and 
Blaney (1942) placed tanks in surroundings of natural growth of the same 
species; that is, in their natural environment, so that consumptive use 
of water would presumably be the same as for similar growth outside 
the tank. Israelsen and Hansen (1962) describe lysimeters equipped 
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with Mariott water supply tanks that have proved successful in consumptive-
use measurements where water tables are maintained at various depths. 
Double-type soil tanks with an annular space between the inner and outer 
shells are considered best. The Mariott supply system furnishes water 
as needed to maintain a fixed water level in the annular space between 
the tanks. The inner soil tank is perforated to admit the water from the 
annular space. The diffe;rences in daily or weekly readings of a glass 
gage attached to the supply tank determine the amount of evapotranspiration. 
Technical problems are encountered when lysimeters are used in 
the absence of a water table. In order to simulate field conditions, some 
mechanism for maintaining a soil tension at the bottom of the tank should 
be employed. Border effects must be minimized, which is difficult for 
tall-growing vegetation. Pruitt and Angus (1960) have developed and 
used a very elaborate, 20-foot-diameter, weighing lysimeter for 
studying evapotranspiration from ryegrass. Van Bavel and Meyers (1962) 
also describe an automatic weighing lysimeter utilizing strain gages and 
an electronic system for remote recording. 
Field plot experiments. Dr. John A. Widtsoe measured the water 
used by 14 crops during a 10-year period, 1902-1911. Yields obtained 
were plotted against the total water used. For nearly every crop, 
yields increased rapidly up to a certain point, with an increase of water 
and then decreased. Widtsoe considered the amount of water used at 
the break in the curve as the consumptive use. Many others have 
determined consumptive use by similar methods. 
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Soil moisture depletion studies. The soil moisture method is 
usually suitable for areas where soil is fairly uniform and the depth to 
groundwater is such that the groundwater will not influence soil moisture 
within the root zone. Soil moisture is determined in the major root zone 
before and after each irrigation, usually with some measurements 
between irrigations. When the rate of use is plotted against time, a 
curve can be drawn from which monthly and seasonal use can be 
obtained. 
Integration method. The integration method, as described by 
Israelsen and Hansen (1962), is the summation of the product of unit 
consumptive use for each crop times its area, plus unit consumptive 
use of native vegetation times its area, plus water surface evaporation 
times water surface area, plus evaporation from bare land, times its 
area. Before this method can be applied successfully, it is necessary 
to know unit consumptive use rates and the areas of various agricultural 
crops, native vegetation, bare land, and water surfaces. The method 
is useful in estimating valley consumptive use. 
Inflow-outflow method, for large areas. Applying the inflow-
outflow method, valley consumptive use, U, is equal to the water that 
flows into a valley during a given period, I, plus the precipitation on 
the valley floor, P, plus water in ground storage at the beginning of 
the period, G
s
' minus water in ground storage at the end of the period, 
G e , minus the outflow, R, for the same period. The method is most 
often used to determine annual values of consumptive use. When all 
volumes are measured in the same units, 
1 
The quantity, (G - G ) is considered as a unit so that absolute 
s e 
evaluation of either G s or Ge is unnecessary, the difference only being 
needed. This difference is the product of the difference in the average 
depth of water table during the period, measured in feet, and multiplied 
by the specific yield of the soil and by the area of the valley floor. The 
quantity, P, is obtained by multiplying the average precipitation by the 
area of the valley floor. The average consumptive use for the valley 
is obtained by dividing the total volume of consumptive use by the area 
of the valley floor. This method is also di.scussed by Israelsen and 
Hansen (1962). 
Estimating evaporation and 
evapotranspiration from 
equations or formulas 
Transpiration of water by plants has been studied for the past 
two centuries. Evaporation of water has also been studied over a long 
period of time. Dalton (1798) showed that the rate of evaporation is 
proportional to the difference between the water vapor pressure at the 
18 
temperature of the evaporating surface and in the atmosphere. According 
to Abbe .( 1905), the effect of sunshine and heat in stimulating transpiration 
was studied in England as early as 1691. 
It was not until the early part of the twentieth century, however, 
that the terms IIconsumptive use" and "evapotranspiration II carne into 
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general use. Only since 1935 has sufficient data been available on 
the subject so that hydrologists and engineers designing irrigation and 
drainage systems have made much use of available information on 
evapotranspiration. Research on transpiration of various kinds of 
plants indicates a close correlation between transpiration and 
evaporation from free water surfaces, air temperature, solar radiation, 
and wet bulb depre s sion reading s. 
Several formulas have been developed for estimating evaporation 
and consumptive use of water by crops and other vegetation from 
meteorological data. Some of these methods have been found to give 
reasonably accurate results. In general, these methods may be 
grouped into four categories. They are: 
1. Theoretical methods based on the physics of the vapor transfer 
2. Theoretical methods based on energy balance 
3. Empirical methods based on temperature, radiation, and 
othe r data, and 
4. Empirical methods based on temperature and other data 
Theoretical methods based on 
the physics of vapor transfer 
The evapotranspiration process is the upward flow of water vapor 
through the surface layer of air. On this basis, the vapor transfer 
approach has been used to estimate evapotranspiration. The flow of 
water vapor is then equal to the product of the vertical gradient of 
vapor pressure and the rate of mixing of the air. The vapor transfer 
approach is represented mathematically by the following equation as 
originally proposed by Dalton (1798) 
E = f(U) (e s - e a ) 2 
~n which 
Eo = evaporation in unit time 
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e s = absolute vapor pressure of water at the earth's surface 
e a = mean pressure of the vapor in the atmosphere 
f (U) = function of the horizontal wind velocity profile 
As the rate of mixing of the air is dependent on the rate of change 
of these variables with height, the method above requires simultaneous 
measurements of wind velocity, temperature, and vapor pressure at 
different heights above the surface. Because of the difficulties in 
measuring the variables involved with sufficient precision, this method 
is of limited value for field use. Several formulas for estimating 
evaporation, based on this general principle, are those of Harbeck 
(1962), Kokoulin and Yatsentkovskii (1958), and Braslavskii arid 
VikuUna (1954). Papadakis' (1961) formula for evapotranspiration 
uses the vapor pressure deficit but does not include the wind function. 
Penman t s method is based on both the vapor pres sure transfer and 
energy balance principles. 
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Meyer form.ula. Meyer (1942) was one of the first to propose a 
vapor transfer form.ula. His form.ula for lake evaporation was written: 
3 
in which 
E = evaporation in inches per m.onth 
C = an em.pirical coefficient dependent upon tim.e, 
and upon size and character of the lake 
V w = m.axim.um. vapor pressure in inches of Hg corresponding 
to the m.ean tem.perature of the lake, one foot below 
the surface 
Va = actual vapor in inches of Hg, in the atmosphere about 
25 feet above the water surface or surrounding land 
W = wind velocity in miles per hour at a height of 25 feet 
above the surface 
Meyer (1942) gave values of C ranging from 10 for small lakes 
to 15 for pans, sm.all puddles of water, and intercepted rainfall. 
Rohwer's form.ula. Rohwer (1931) developed a general form.ula 
for pan evaporation from experiments in Colorado and elsewhere. His 
general form.ula can be written 
Ev = (1. 465 - 0.0186 B) (e'w - e a ) (0.44 + 0.118 W) 
4 
in which 
Ev :: evaporation in inches per day 
B :: mean barometer reading in inches of Hg at 320 F 
ew - e a :: vapor pressure deficit 
w :: mean wind velocity at the surface in miles per hour 
The vapor transfer coefficient was found to be a function of 
barometric pressure, or elevation. He found a mean ratio of 0.771 
for lake to pan evaporation. 
Kokoulin- Yatsenkovskii formula. Kokoulin and Yatsenkovskii 
(1958) mentioned that determination of the amount of evaporation from 
th~ surface of water reservoirs by direct measurements is not yet 
possible. Because of difficulties inherent in their design, none of the 
floating evaporimeters used thus far can be assumed to measure the 
actual amount of lake evaporation. Accordingly, the methods used 
today for the determination of the amount of evaporation from a water 
surface may be classified as 
1. The method of calculation from the hydro -meteorological 
elements 
2. The method of heat balance, and 
3. The method of water balance 
The last two methods are intrinsically incapable of achieving 
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the necessary accuracy, as they contain, in the general equation, terms 
that are much less reliable than the evaporation itself; therefore, the 
hydro-meteorological method is the most widely used. 
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Among the many empirical formulas proposed for the calculation 
of the evaporation from a water surface, those derived on the basis if 
Dalton's law are of the greatest practical importance. These formulas 
COl'respond to the physical nature of the phenomenon and give fairly 
good results. Dalton (1798) showed that the rate of evaporation is 
pJ1oportional to the difference between the water vapor pressure at 
the temperature of the evaporating surface and in the atmosphere. 
The Dalton formula can be written in the vapor transfer theory 
form 
5 
ip. which 
E = evaporation rate 
eo = vapor pres sure at the temperature of the surface of 
the evaporating liquid 
e z ;::: vapor pressure in the atmosphere 
f(W ) = function of the wind speed 
z 
A = a proportionality factor, sometimes called the vapor 
transfer coefficient 
Braslavskii and Vikulina (1954) recommended the following equation 
for calculating evaporation from reservoirs: 
6 
KQkoulin and Yatsenkovskii (1958) made an analysis of the diurnal 
amount of evaporation as a function of the relative air humidity and 
found that the evaporation could best be expres sed by the equation 
E = A ( eo - e200 ) ( 1 + k W 200) 7 
in which A and K are both functions of the hum.idity. 
Papadakis roethog.. Papadakis'( 19.61; p. 1) stated that: 
The m.ost im.portant shortcoming of Thornthwaite I s 
method of computing evapotranspiration is that it gives 
too low figures in the case of the dry season of the tropics 
(Garnier, 1954), and in low latitude dry climates as those 
of Argentina (Papadakis, 1952)j on the contrary in high 
latitude marine climates, as those of Ireland, it over-
estimates the evapotranspiration in summer, while the 
opposite occurs in winter (Guerrini, 1954). 
In the opinion of Papadakis, such shortc_omings can be avoided 
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by basing the computatiQn on the average daily maximum temperatures, 
and by taking into consideration the water vapor pressure. In his 
computations of potential evapotranspiration for 2400 stations in the 
world he used the following formula: 
E = O. 5625 (ema - ed) 8 
in which 
E = monthly evapotranspiration in centim.eters 
ema = saturation vapor pressure corresponding to the 
average daily maximum. tem.perature of the 
m.onth,' in millibars 
Day length and wind are not included in Papadakis I form.ula. 
Day length is indirectly taken into consideration as it results in higher 
tem.peratures and consequently increases ema . With regard to wind 
he said (p. 3 ):: 
... a light breeze is sufficient to move leaves and 
impede the formation of such a layer of more humid 
air on the evaporating surface and a greater wind 
velocity cannot do more; so that transpiration is not 
affected by wind velocity; soil evaporation might be 
increased; but in a vegetation-covered surface it is 
not important. 
Harbeck's method. Harbeck (1962) presents a quasi -empirical 
equation based on the vapor-transfer theory, which is 
9 
in which 
E :: evaporation, in inches per day 
N :: a coefficient of proportionality, called the mass-
transfer coefficient 
U :: wind speed in miles per hour at 2 meters height 
above lake surface 
eo :: saturation vapor pres sure in millibars, corresponding 
to the temperature of the water surface 
e
a 
:: vapor pressure of the air, in millibars 
He found that a previously derived equation based on the Lake 
Hefner study, Marciano and Harbeck (1954), gave satisfactory results 
on an annual basis at Lake Mead, a much larger lake, but that there 
was a pronounced seasonal variation that could be minimized by using 
wind speeds measured near the surface of the lake. 
He plotted values of the mas s-transfer coefficient, N, obtained 
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from the energy budget against the reservoir surface area, A, in acres, 
and found that N could be expressed by the relation 
N = 0.00338 A -0. 05 
Theoretical methods based 
on an energy balance 
10 
Energy balance, sometimes called the heat budget method, is 
the best theoretical approach to estimation of evaporation and 
evapotranspiration. The measurements required for this me thod 
fire much simpler to make than those involved in the vapor -transfer 
approach. The following discussion is abstracted from a thesis by 
Az i z (1 96 2 ). 
The assumption on which the complete heat budget is based is 
that the net radiation heat flux is partitioned into the following; : The 
latent heat of vaporization, the los s of heat by horizontal transport, 
the vertical heat flux into the soil and into the air, and the heat stored 
in the interfacial boundary layer between soil and air. The complete 
heat budget of a crop volume is given by the following equation, Tanner 
(1960): 
Oz oz 
=S+A+E+ 
I C 'Yl H (p uT) dz I Le V (~) d R I + --n '. f P R H T z 
0 0 
oz oz oz 
c 
aT c aT dz + Le ae dz . + Pc -dz + P at ----at i p RT at I 
0 0 0 
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-in which 
C p = heat capacity of lTIoist air at constant pressure 
\1 = horizontal, "del" ope rator H 
Pc = lTIean density of crop 
P = density of air 
U = horizontal wind speed 
T = air telTIpe rature 
t = tilTIe in lTIinutes 
R = specific gas content 
E = ratio lTIole weights of water to air 
L = latent heat of vaporization at plant 
e = vapor pressure 
C = heat capacity of the crop 
R = net radiation 
n 
S = soil heat flux 
E = latent heat flux density 
A = sensible heat flux 
surface 
The heat budget lTIethod was discus sed in detail by SuolTIi and 
Tanner (1958). By taking the lTIeasurelTIents near the surface, SUQlTIi 
and Tanner indicated that the last five terlTIS of divergence can be 
lTIinilTIized so that 5 z goes to zero and the equation reduces to the 
three vertical heat flux terlTIS 
Rn =S+A+E 12 
27 
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Rider and Robinson, according to Suomi and Tanner (1958), 
showed that the last three terms in Equation 3, which are the changes 
of the crop and the air and the changes of water vapor in the volume, 
are only a small fraction of the term A (sensible heat flux) and E 
(latent heat flux density) during a clear day. But they might be as 
a T 
large as 10 percent of A and E at night when --at is large and A 
and E are small. The last three terms in Equation 12 represent the 
heat stored in the crop, which is negligible even when the crop is a 
heavy stand of corn three meters high. Soumi and Tanner (1958) 
found that the heat stored in such a crop is, at most, about one percent 
of the total heat budget. Net radiation, R
n
, can be measured 
directly by a net radiometer. The soil heat flux, S, may be determined 
by soil thermometry or flux plates. A and E, the sensible and latent 
heat, respectively, can be separated by using the Bowen ratio method, 
which requires measurements of the vertical temperature and vapor 
pressure gradients. The Bowen ratio, ~, is 
where 
A 
E 
8 T/8 Z 
8 e, 8 z 
-y ::: psychrometer constant 
KH ::: eddy diffusivity for heat 
KW ::: eddy diffusivity for water vapor 
13 
Equation 13 can be written with finite increments, when temperature 
and vapor pressure measurements are made over the same height, 
A 
f3 = E 14 
When it is assu:med that KH = KW ' Equation 14 beco:mes 
A ~T 
t3 = .- = ''I ( - ) E ~ e 15 
If the :measure:ments are taken close to a ho:mogeneous surface this 
assu:mption appears valid. When Equations 12 and 15 are co:mbined 
E= 
Rn - S 
1 p) 16 
A special instru:ment to :measure the te:mperature and vapor pressure 
gradients, ~T ~ e ~ Z ~ z' was suggested by Suo:mi and Tanner (1958). 
The instrUITlent consists of a boo:m which travels in a 15 -:meter arc 
mounted on the boo:m. They reported that te:mperature and vapor 
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pressure gradients over an elevation difference of 60 c:m were obtained. 
Precise esti:mations of actual evapotranspiration over a low, co:mpletely 
vegetated surface can be obtained either on an hourly or a daily basis, 
by using data collected with the boo:m -:mounted instrUITlents. 
Pen:man :method,,~:' Pen:man (1948) developed a theoretical approach 
to evaporation and evapotranspiration, in which he co:mbined the ideas 
of a "sink strength" and "energy balance." For the sink strength he 
considered evaporation fro:m an aerodyna:mic basis as due to the turbulent 
transport of vapor by a process of eddy diffusion, and used the basic 
vapor transfer for:mula, si:milar to that originally proposed by Dalton 
(1798) 
17 
~c See discussion by J. E. Christiansen, p. 201, Appendix D. 
in which 
e = vapor pressure of the evaporating surface, which is 
s 
the saturated vapor pres sure at the temperature of 
the evaporating surface, T . 
s 
e
d 
= vapor pressure of the atmosphere, which is the 
saturated vapor pressure at the dewpoint. 
For the energy balance he used the basic equation 
H =E+K+S 18 
in which 
H = incoming radiation less the reflected radiation 
and the long-wave outgoing radiation 
E = energy used in evaporation 
K = ener gy used to heat the air 
S = heat stored in the soil, plant tissue, and other materials. 
He reasoned that over a period of several days the change in stored 
heat, S, is negligible compared with the other components, thus 
Equation 18 reduces to 
H = E + K 19 
These equations are not new, but Penman combined them in such 
a way tha~ he was able to eliminate the parameter measured with 
the 'most '-difficulty, - ... the surface temperature, T - - and thus provided 
s 
a means for making estimates of evaporation rates from standard 
meteorological data. 
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Penm.an reasoned that the transport of vapor and the transport of 
heat by eddy diffusion are essentially controlled by the same mechanism; 
that the first is a function of (e s - e d) and that the second is a function 
of (T - T ), in which T and T are the temperatures of the surface 
s a s a 
and of the air, respectively. 
He expressed the ratio 
K/E = ~ 
= 'Y (T - T ) / (e - e ) 
s a s a 
20 
in which 
= Bowen I s ratio, and 
= psychometric constant (0.27 when T is expressed 
in degrees F and e, in mm of mercury). 
Thus, 
H = E (1 + ~ ) 21 
Modifying an equation attributed to Brunt, he wrote 
H = (1 - r) RA (0.18 + 0.55 n/N) 
4 
- aT A (0.56 - O. 092~d) (0.10 +0. 90n/N 22 
in which 
r = reflection coefficient of the surface 
= extra -terrestrial radiation in mm of water / day 
n - actual duration of bright sunshine 
N = maximum possible duration of bright sunshine 
a 
~9 
= 2.01 x 10 ,Boltzman constant, expressed in 
. /0 4 
mm evaporatIon K 
T A = The absolute temperature in degrees K 
He defined E as the value of E, in Equation 17, when e , the 
a a 
saturation vapor pressure at the air temperature, is substituted for 
e . Thus, 
s 
E 
a 
= (e a - e d) f (u) . 23 
From his experiments, and taking into consideration the formula of 
Rohwer (1931), he developed a specific equation for E , which is 
a 
24 
in which u
2 
= the wind velocity above the ground in miles per day. 
Combining Equations 20 and 22, and letting 
Do = (e - e ) / (T - T ) 
s a s a 
25 
where 
~ = the slope of the curve when e is potted against T, 
he showed that E can be expressed by the equation 
E = (H Do + E 'I ) / ( ~ +" ) . 
a 
26 
which he later defined as E , the evaporation from open water. 
o 
For estimating the evapotranspiration from a turf, which he 
called E , he considered two methods. In one he expres sed 
t 
E = F E 27 
t 0 
In the other he used an equation similar to Equation 26, but in which 
H is computed for a reflection coefficient, r, for the vegetation instead 
pf for a water surface. Thus, 
E = (H Do + E 'Y) / ( Do + 'Y ) 
t t a 
28 
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in which 
H = daily heat budget for a vegetated surface, for which the 
t 
reflection coefficient is r. 
t 
He gave as a mean value of r 0 for open water, O. 06 ; for-r t' for 
vegetation, 0.20. 
Penman reported values of F for southern England from 0.6 
for midwinter to 0.8 for midsummer, with an annual value of 0.75. 
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Later, Penman and Schofield (1951) derived a theoretical expres sion 
for F as the product of three factors: a vapor pressure factor, f (e), 
a stomatal factor, f (s), and a day-length factor, f (d, e). Thus, 
F = f (e) f (s) f (d, e) 
For the example given, F varied from 0.43 to 0.88. They stated, 
ltowever, (Penman and Schofield, .1951, p. 125) that 
The main difference between turf and open water lies in 
the amounts of short-wave radiation reflected (roughly 20 
and 5 percent, respectively), so that less energy is available 
for producing evaporation from vegetation than from open water. 
Tanner and Pelton (1960) discussed several possible sources of 
error arising from the approximations made in both the energy balance 
equation and the Bowen ratio, and suggested some modifications to improve 
the Penman method when severe advective heat transfer conditions exist. 
The Penman Method has been discussed by Aziz (1962), and many 
others, including Criddle (1958), who presented three equations, together 
with graphs and tables for obtaining values of e ,~: and a T4 , which 
a' A 
are given in Appendix C, Figures 14, 15, and 16. Equations used by 
Cr~ddle are the same as Equations 22, 24, and 28. 
Criddle prepared a computation sheet for the Penman method, 
which is given in Appendix B, Table 23. 
Empirical methods based on 
temperature, radiation, and 
other data 
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Christiansen method and modifications. Many attempts have been 
made to derive mathematical expressions relating evaporation and evapo-· 
transpiration, or consumptive use, to climatological and other data. 
Christiansen (1960) developed an equation for estimating pan 
evaporation in northern Utah. This equation, which is of a form that 
can be used for estimating either evaporation or potential evapotrans-
piration, is called the Utah formula and is written 
E =CKR. 29 
in which 
E = evaporation or evapotranspiration 
K = dimensionles s constant 
R = extra -terrestrial radiation that is received 
at the outer surface of the atmosphere 
expressed as equivalent depth of evaporation 
in the same units as E 
C :: dimensionle s s coefficient, which in turn is 
the product of several subcoefficients each 
related to a climatic or other factor that 
affects evaporation or evapotranspiration 
The product, KC, represents the ratio of the energy utilized in 
the evaporation process to that available at the outer surface of the 
atmosphere. 
Values of extra-terrestrial radiation, R, in terms of equivalent 
35 
depth of evaporation were computed from data by Shaw (1942)$ Appendix 
B, Table 24,· gives R for each month, and for each 10 degrees of latitude 
from the equator to 60 degrees north. 
The value of the coefficient, C, is the product of other subcoef-
ficients, each repre senting a specific climatological or other factor. 
Thus, 
C 30 
in which the subscripts indicate the subcoefficients for temperature, 
wind, sunshine percentage, humidity, and the month. For simplicity, 
it was decided to relate each coefficient to be the factor that it represents 
by a linear equation of the form 
C T = A + B T . 31 
The values of A and B were chosen so that the value of the coefficient 
would be unity for an arbitrary but approximate mean value of the factor. 
Thus, for temperature, C T is 1. 00 for a temperature of 68
0 F (20 0 C). 
The subcoefficients for the Utah formula are: 
C T = -0. 095 + O. 0161 T (T in of) 
Cw = O. 650 + O. 00583 W (W in mile sl day) 
Cs = O. 560 + O. 575 S ( S in percent) 
C H =: 1. 106 - 0.340 H ( H in percent) 
C M =: tabulated values from 0.93 to 1. 12 
K =: 0.470 
36 
A comparison of the average actual evaporation, and that 
calculated from the above relationships, for five northern Utah stations, 
~howed that the computed evaporation was within 6 percent of the 
measured evaporation for 34 out of 35 months of record. 
Christiansen and Patil (1961) modified the subcoefficients from 
a study of evaporation data for 47 additional stations in the western 
states and Texas (USA). They added subcoefficients for elevation and 
latitude. 
The subcoefficients for the Christiansen and Patil formula are 
CT =: 0.0147 T 
Cw =: 0.676 + 0.0054 W 
Cs =: 0.560 + 0.550 S 
CH .;:: 1. 288 - 0.720 H 
CE =: 0.925 + 0.0015 E (E in hundreds of feet) 
CL =: 1.520 - 0.013 L (L in de g r e e s ) 
CM =: tabulated values from O. 93 to 1. 08 
K =: 0.490 
The results were so encouraging that Patil (1962) added many 
additional data and analyzed 3232 months of observations. He expressed 
the subcoefficient as a quadratic of the form 
2 
=:A+BT+CT 32 
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He found that the coefficient for latitude could be omitted. 
The sub coefficients for Patil's formula are: 
C T 
::: 
-
1.203 + 0.0463 T - 0.000204 T2 
C w 
::: 0.786 + O. 00385 W - 0.0000047 W
2 
C 5 
::: 0.458 + 0.00568 W + 0.0000136 52 
C H 
::: 1. 141 0.00336 H 0.0000045 H2 
C E ::: 0.936 + 0.0035 E - 0.0000156 E2 
C M = 
1. 000 + O. 098 cos (30 M - 20) (M = number of month) 
K ::: 0.530 
Mathison (1963) reanalyzed the same data used by Patil. He 
]teasoned that Patil's monthly coefficient would not apply for latitudes 
outside of the scope of the original data. He also substituted a radiation 
coefficient, C R , for the product of K and R in Patil's equation. Also, 
realizing that humidity data are not always available or satisfactory, 
he determined the relationship between the relative humidity and the 
difference between the monthly mean maximum and mean minimum 
tem.peratures and substituted a coefficient for temperature difference, . 
CAT' for the humidity coefficient. Using a more theoretical approach 
he developed equations for a latitude coefficient based on the latitude 
minus the sun's declination (L - D), and a monthly coefficient based 
on the month and (L - D). Combining the coefficients of R, ( L - D), 
and the month, M, he computed and tabulated values of this combined 
coefficient, CC~ Thus, 
fIis final equation then became 
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in which 
C R 0.015 R 
2 
;: 0.2 R + 
C T ;: - 0.26 + 0.2425 T - 0.000075 T2 
Cw ;: 0.8 + 0.0035 W - O. 0000027 W
2 
C~T ;: 0.45 + 9.6 x 10-4 
Ccos (L _ D) ;: 1.16 + 0.42 cos (L-D) - 0.7 cos (L - D)2 
C s ;: 0.622 + 0.0058755 S - 0.000011 S2 
C M :::: 1 + 0.00155 (L - D) cos (1T/6)(N+l) 
C E = 0.967 + 0.0035 E - 0.00156 E2 
It might appear that calculation of the subcoefficients would be 
a tedious procedure. Actually this is not the case. When once deter-
mined, the values of both the subcoefficients and their logarithms, can 
be tabulated for a suitable range of values of each factor, and the value 
of E can be determined very simply by adding the logarithms of the 
subcoefficient and taking the antilogarithms. Both Patil and Mathison 
tabulated all of the subcoefficients and their logarithms for a full range 
of all values. 
All of the formulas and the equations for the subcoefficients are 
readily adaptable to computer applications. 
38 
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Turc formula. Turc (1961) presented a formula for potential 
evapotranspiration that can be written 
= 
o. 40 t (R + 50) / (t + 15) • 34 
in which 
Etp = potential evapotranspiration in mm per month 
t = mean temperature of the air in degrees C 
R = mean incoming radiation in calories/ cm2 / day 
Darlot and Lecarpentier (1963) modified this formula by proposing 
an equation for estimating R from the theoretical radiation, Ra, reaching 
the earth's atmosphere, and the sunshine. This equation can be written 
R = Ra (0. 18 + 0.0062 S) • 35 
in which S is the percentage of possible sunshine. 
Jensen and Haise formula. Jensen and Haise (1963) developed a 
f9rmula for computing the potential evapotranspiration based on the 
mean air temperature and solar radiation. Their formula is 
= (0. 014 T - O. 37) Rs . 36 
in which. 
Et = potential evapotranspiration, in inches per day p 
T = :mean air te:mperature, in degrees F 
Rs = solar radiation, in inches per day 
The solar radiation for a given month and latitude is affected 
pri:marily by degree of cloud cover and sunshine. Two for:mulas are 
given for estimating the actual solar radiation, R s ' in terms of 
40 
cloudles's day radiation, R so' 
Rs :: Rso (0.35 + 0.61 S) 37 
and 
Rs = Rso 1 - (1 - k) n/ 10 38 
in which 
S :: fraction of pos sible sunshine for the time period 
n = cloud cover, varies from 0 to 10 
k = mean annual coefficient, depending on latitude as given below 
Latitude (degrees 0 10 20 30 40 50 60 
k 0.35 0.34 0.33 0.32 0.33 0.36 0.40 
Values of R were tabulated for latitudes of 0 to 60 degrees N. 
so 
Gras si formulas. Gras si (1964), using procedure s similar to those 
Qf Christiansen (1960), Patil (1962), and Mathison (1963), developed 
several formulas for estimating evapotranspiration from data furnished 
by Jensen and Haise (1963). For field crops, and using crop cover, Crc, 
and theoretical radiation, R, as parameters, his formula 1a is: 
(inches / day). 39 
in which 
K = 0.2149 
C R :: O. 1824 + 1.46 R (R, inches / day) 
CClc = 1. 15 - 0.05 Clc (Clc, scale of 10) 
C T = 0.03637 + 0.02190 T - O. 00011364 T2 (T, degrees F) 
CTd :: 0.9361 + 0.004261 Td ( Td = Tmax - T mean, 
degrees F) 
41 
CCrc = O. 1127 + 0.01395 Crc - 0.00005081 Crc 2 (Crc, percent) 
F = crop factor, mean value for specific crop 
When using vegetative cycle, Vc, as a parameter, Grassi's formula 
~b is: 
(inches / day) 40 
in which 
K = 0.2149 
C T = 0.320 + 0.01 T 
C Vc = 0.0895 + 0.02738 Vc - 0.0002058 Vc
2 
Other coefficients are the same as in formula la, Equation 39 
For orchards, he developed formula 1 c 
Et = 0.2108 C R C Clc C T F 41 
All coefficients are the same as in formula 1 b, Equation 40 
When using incidence solar and sky radiation, Rs, and crop cover, Crc, 
as the parameters, his formula 2a for field crops is: 
Et = K Rs C T CCrc F 
in which 
K = 0.5370 
C T = o. 61954 + O. 005585 T 
(inches / day) 
CCrc = O. 09912 + O. 013469 Crc - 0.000044605 Crc 2 
42 
When using Rs and the vegetative cycle, Vc, and the parameters, his 
formula 2b is: 
Et = K Rs CVc F (inches / day) . 43 
in which 
K :: O. 5126 
C Vc ::: 0.03772 + O. 030706 Vc - 0.00024494 Vc
2 
Grassi also correlated the evapotranspiration, Et, pan evaporation, 
Ev, and crop cover, Crc, and developed formula 3a, which is 
Et ::: K Ev C T CCrc F (inches / day) . 44 
in. which 
K ::: 0.9678 
Ev ::: pan evaporation (inches / day) 
C T ::: 1. 7543 - 0.011092 T 
CCrc :: 0.12122 + 0.01478 Crc - 0.00005921 Crc 2 
When using the vegetative cycle, Vc, and Ev, his formula 3b is 
Et ::: K Ev CVc F 45 
His values of the crop factor, F, were approximately as follows: 
For formulas 1 and 2 
Alfalfa, cotton, and winter wheat 1. 10 
Beans and sugar beets 1.. 00 
Potatoes 1. 03 
Sorghum grain 1. 17 
Oats 0.90 
For formulas 1c and 3 
Alfalfa 1. 1 0 
Beans, oats, and winter wheat 
Corn and potatoes 
0.86 
1. 04 
42 
Cotton and sorghum grain 
Sugar beets 
Apples with cover crop 
Dates with cover crop 
Dates with grapefruit 
Grapes and grapefruit 
Lemons and orange s 
0.98 
1. 16 
1. 27 
1. 07 
o. 99 
0.61 
0.52 
Lowry-Johnson method. Lowry and Johnson (1942) developed a 
procedure for estimating water requirements for irrigation projects. 
Their method is used to find the consumptive use for a valley. The 
Bureau of Reclamation used this method in the arid western portion of 
the United States with good results. It is'-essentially an empirical 
pl10cedure based upon data collected from areas similar to those for 
wl1ich it was to be applied. 
43 
Lowry and Johnson assumed a linear relationship between effective 
heat and consumptive use. Effective heat is defined as the accumulation, 
in day ... degrees, of maximum daily temperature above 320 F during the 
growing season. The relationship that they found for 20 areas studied 
was plotted. Criddle (1958) expressed this relationship by the equation 
U :::: 0.8 + O. 156 F . 46 
in which 
U :::: consumptive use in acre -feet per acre 
F :::: effective heat in thousands of day-degrees for the season 
44 
The growing season is frequently considered the time between 
killing frosts. In the spring and, to a lesser extent, in the fall, daily 
minimum temperatures may fluctuate one or two degrees above or below 
32 degrees for several days before remaining above or below that point, 
even though the temperature for most of the day is quite warm and the 
ha:rd~er crops are able to grow unharmed by the few hours of subfreezing 
temperature. 
In order to define the limits of the growing season more definitely 
than the dates of the latest and earliest frosts, minimum temperature 
... 
data were smoothed by obtaining twice -repeated five -day moving averages, 
equivalent to applying the expression 
a + 2b + 3c + 4d + 5e + 4f + 3g + 2h + i 
25 
to the consecutive daily minimum temperature (represented in the middle 
day of the series to maintain proper phase. The ends of the growing 
sea!3on are thus defined by the dates between which the smoothed 
temperatures remain above 32 degrees. Criddle (1958) applied the 
L~wry-Johnson method (which was not developed to estimate monthly 
us~) for monthly use by using a simple proportion of monthly heat units 
~o annual heat units. The equation for monthly consumptive use, u, then 
becomes 
u = (f/F) U . 47 
~n which f is the effective heat in thousands of day-degrees for the 
month. 
Blaney-Cr~ddle method. For many years irrigation engineers 
have used temperature data in estimating annual consumptive use of 
water. In 1924, Hedke developed the effective heat method on the 
Rio Grande. Consumptive use, by this method, is estimated from an 
analysis pf the heat units available to the crops of a particular valley. 
It assumes that there is a linear relation between the amount of water 
consumed and the quantity of heat available. This method and others 
were usually confined to estimating annual or seasonal use of water 
],'tate rather than monthly consumptive use. 
45 
Blaney and Morin (1942) developed an empirical formula for 
computing monthly rates of evaporation and evapotranspiration from 
mean monthly temperature, daytime hours, a:nd humidity records. 
Blaney and Criddle (1950), because humidity records were not readily 
available, simplified the Blaney and Morin formula by eliminating 
hllrnidity. The Blaney-Criddle method provides a rapid means of 
transferriItg the results of careful measurement of evapotranspiration 
in several of the western states of the United States of America, to other 
areas of similar climate. 
Their method is based on a correlation between consumptive use 
and mean monthly temperature, monthly percent of daytime hours taken 
from the latitude of the location, and the growing season of the crop. 
Coefficients so developed for different crops are used to transpose 
consumptive use data for a given area to other areas for which only 
clirnatolQgical data are available. 
46 
The method may be expressed mathematically in the formulas 
U = K F = 2:;k f . 
f = P t 
""TUO 
u = k f 
ip which 
48 
49 
50 
U ;:: consumptive use (evapotranspiration) in inches for any period 
F ;:: sum of monthly consumptive use factors, f, for the period 
K ~ empirical consumptive use coefficient, average for the 'period 
t ;:: mean monthly temperature in degrees F 
p ~ monthly percent of daytime hours of the year, Appendix B, 
f = 
Table 25. 
-E..! 
100 = 
monthly use factor 
k ;: monthly use coefficient 
u ;:: k f = monthly consumptive use in inches 
The consumptive use factor, F, for any period may be computed 
for areas for which monthly temperature records are available. When 
the annual consumptive use coefficient, K, for a particular crop in 
some locality is known, an estimate of the consurnptive use by the same 
crop in some other area may be made by application of the formula 
U = K F. 
The Blaney-Criddle formula has been extensively used throughout 
the world by engineers as a basis for estimating irrigation water 
requirements. Unfortunately, the monthly coe!-:£icient, k, is not a 
constant but varies du:ring the season and apparently depends on the 
temperature and other climatological factors, as well as on crop 
characte ris tic s. 
47 
Pruitt (1960) found that the relationship of the measured daily 
evapotranspiration from ryegrass, Et, in inches, and the product of 
t x p, as used in the Blaney-Criddle formula ~vas 
Et = - o. 115 t, 1. 618 ( t P ) 51 
in which 
t = mean daily temperature 
p :;:: daily percentage of daylight hours, expressed decimally 
This for:qlula indicates that k is a function of both t and p. 
Phelan (1962) suggested that k be replaced by the product of 
kc kt, in which kc depends on the crop and varies during the season, 
from 0.2 to 1. 7 for annual crops and from O. 6 to 1. 10 for alfalfa, and 
k t is a function of temperature as expressed by the equation 
k t = O. 0 1 7 3 t - O. 3 14 
Blaney (1956) suggests the use of the Blaney-Criddle formula for 
estimating pan evaporation where data are unavailable. The k values 
for pa.n evaporation are usually higher than for evapotranspiration, and 
they vary greatly during the season and from place to place. Thus, 
the accuracy of the method depends on the accuracy with which the k 
value can he estimated. 
Data frorp. Christiansen (1960) show that tile value of the Blaney-
Criddle k, as applied to pan evaporation, could be expressed 
48 
app~oxirnately by the relation 
k :: (0 10 + O. 0128t) (0.92 + o. 20w) 52 
in which 
t ;: the: mean temp~tature 
w;; the mean wind veloci~y in miles per hour above the pan 
A nomograph to aid in the cal<;:ulation of consumptive use by the 
Blan~y-Crid(Ue l;TIethod is shown in Appendix C, Figure 4. 
ThQrnthwaite method. Thornthwaite (1948) developed an empirical 
Ii i '\ ' 
formula based Olf temperature. H~ realized the need for a sirn.pler 
expression ~hat would\ltilize readily available climatological data. 
'rheorizing that temperature was a good index to energy in a zone of 
essenUal e<luilibrium, he developed an exponential relation between 
mean monthly temperature in degrees centigrade and mean monthly 
potential evapotranlipiration, and adjusted the result by correcting for 
sq.nlight and days ip",the month. 
Pelton, King, and Tanner (1960) quote the Thornthwaite definition 
for evapotranspiration as follows: 
It is l1l.eces sary to distinguish between evapotranspiration 
where soil moisture is limiting and the evapotranspiration 
where moisture is available as needed. A further distinction 
must be made betwe~n evapotranspiration from large, well-
watered fields as opposed to evapotranspiration from the 
~mall, isolated 'oases' prQvided by evaporation pans, pots, 
tanks, etc. from the ambient air by reason of the locally 
superior utilization of energy for evapotranspiration at a 
point. The only standard m.easures of evapotranspiration 
ar~ th9se from a large, vegetation-covered land surface, 
with adequate moisture at all times. This condition defines 
potential evapQtranspiration; since moisture is not restricted, 
potential evapotranspiration is limited solely by available 
energy. 
Thornthwaj.te considers that the amount of water transpired from 
a completely covered area is more dependent on the amount of solar 
~nergy and the resultant temperature than on kind of plant so long as 
soil moisture is ad~quate. Ma~iP1um and minimum temperature beyond 
He gives, ClS an equClrtion. for rate of growth, 
v 
in which 
= 
449730.7 e 24t 
(e O. 24 + 118. 8)2 • 
v :; rate of growth in percent of optimum 
t :; mean temperature in degrees C 
e = b,ase pf N~pierian system of logarithms 
This relatior~hip is shown in the following graph. 
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The 'Ilhornthwaite formula for potential evapotranspiration, e, in 
em per month, call be written 
e = 54 
in Which 
t = mean monthly temperature in degrees C 
C and a are cQ~ff~cients W;hich vary with temperature. 
Thornthwaite developed a monthly index, i, which is given in Appendix 
C. Figure 18, and by ~he equation 
I 
"1.514 
~ :: (t 5) 
~12 i = I 
1 
in which 
I = annual or seasonal heat index 
The coefficient, at is given by 
55 
a ;; 0.000000615 13 - 0.0000771 12 + 0.017921 1 + 0.49239 
From these relations he introc;lq.cec;l a general equation for 
potential evapotranspil1'a~ion, based on evaporation data frorp. a number 
50 
of catchment al'ea$ in the United States, with latitudes ranging from 29 0 N 
o 
to 43 N. This fOPInula for the una<ljusted potential evapotranspiration, 
e~ is 
e = 1. 6 (10 t I I)a . 56 
in which 
t = :p:lean air temp~rature in degrees C 
I ::; annual or se"s op.al heqt index of the location 
The unadj\,lsted e mq.y be foulld fro:t;rl a nomograph in Appendix 
C, Figure 19,ap.d cq.n he corrected for sunlight and days of the month 
from Appendix a, Table 26. 
Adjusted fOf number of days in the month, N, and the average 
daylight haul's for the mon.th, H, Thornthwaite I s formula becomes 
eo :; e ( N / 30) ( H / 12) . 57 
in which 
eo :: tpe adjusted evapotranspiration 
The Thornthwait~ approach was discussed by Van Wijk and 
DeVrieEJ (195~), who concluded that it is impossible ta evolve a general 
method for calculating evapotranspiration which is based on temperature 
alone and disregards the amount of available energy. They based their 
cqnclusion on the phase difference between solar radiation flux and 
tempe:ra tUJ;1e. 
An exeellent discussion of the Thornthwaite method was presented 
by Pelton. King. and Tanner (1960), in which they pointed out that 
Thornthwaite t s empirical equation does not include an adjustment for 
51 
the general vari~tion Qf ;net radiation with latitude and it does not account 
for E1ither the lag of temperature behind radiation (which arises from the 
thermal storage in the soil) or the layer effect of warm and cool air 
advection on temperature or on heat exchange with the surface. The 
thermal lag J.lsuapy causes the greatest error in monthly estimates of 
potel1tial evapotrq.nspiration. 
52 
Thornthwaite IS empiric.al formUla, although it is based entirely 
upon a temperature relation and has no theoretical justiffcation, has had 
a greq.t acceptance, mainly because of its ease of application by means of 
tables and nomographs. 
Thornthwaite has found that accumulated consumptive use is an 
excellent index to stages of plant growth--a given crop variety normally 
requires a given amount of water to mature. He has shown that accelerated 
consumptive use results in accelerated maturity. 
HargreavE;!s method. Hargreaves (1956) developed formulas for 
evapo~ation and evapotranspiration. He assumed that there is a linear 
relationship between the monthly evaporation and mean monthly temperature 
above 32oF. He refined this relationship by correcting for length of day, 
and for the effect of mean monthly relative humidity at noon. His formula 
can be written 
Ev ::: O. 38 d (1 - h) ( t - 3 2) . 
in which 
Ev ::: monthly evaporation in inches 
d ::: monthly daytime coefficient, which is the 
ratio of the average day length for the 
month to 12 hour s 
h ::: mean monthly relative humidity at noon, 
expressed decimally 
t ::: mean monthly temperature, degrees F. 
58 
Hargreaves tabulated values of d for north latitudes from 5 to 50 
degrees for each month of the year. These values are equal to the 
53 
value of p in the Blaney-Criddle formula, divided by 8.333. Hargreaves 
also gave approximate values for h for different regions in the United 
States. 
For evapotranspiration, Et, he applied a coefficient, k, to the 
computed evaporation to obtain the evapotranspiration. 
Et = k Ev (inches / month) . 59 
This k is the ratio of evapotranspiration to pan evaporation, and depends 
on the crops grown and the month. He gave a table of values based on 
data from the Irrigation Department, University of California at Davis, 
California. 
Quijano formula. Quijano (1958) presented a formula for potential 
evapotranspiration that is somewhat similar to the Blaney-Criddle formula. 
His equation was written 
C = Ft. 60 
in which 
C :: monthly potential evapotranspiration in mm 
F = factor depending on latitude and month 
t = mean monthly temperature in degrees C 
He tabulated values of F for latitudes of 36 0 to 44 0 N (Spain). 
Munson method. Munson (1962) found that crop yields followed a 
pattern paralleling Thornthwaite's (1931) P. E. indexes. The P. E. 
index is defined as the sum of the twelve PIE. ratios (precipitation' to 
54 
evaporation ratios}. A nomogram, Appendix C, Figure 20, was developed 
by Thornthwaite, to read directly the P. E. ratio (P / E) when the average 
monthly precipitation and temperatures are known. Munson arrived, after 
some years of study of weather and crop data from irrigated areas over 
the western United States, at a set of P. E. ratios which we~re adequate 
for normal plant growth at any of the many stations studied. They are 
for the months of January through December: 1. 0, 1. 8, 3.2, 4.4, 5.8, 
6. 0, 6. 8, 6. 1, 4. 6, 3. 5, 2. 3, and 1. 5. 
Munson says (p. 205): 
The P. E. Index Method is bas ed on actual field conditions 
over county-wide areas and thus most of the vagaries of intangibles 
such as climatic patterns, wind movement, humidity, cropping 
patterns, crop varieties, farmer's idiosyncrasies, topographic 
variations, etc., received a true measure of consideration in 
the normal crop production sequence. In other words, by the 
determination of the effective P. E. ratios for adequate crop 
production without irrigation, from field conditions, the many 
intangibles were bypas sed. 
This method is accurate, rapid, and simple. It gives the 
monthly and annual requirements directly. As is the case with ;, 
any theoretical formula, it is necessary to exercise judgment 
in the use of this method. 
Munson's method is based on a formula by Thornthwaite which is 
logP/E = log 115 +10/9logP-10/91og(T-10) 
61 
in which 
T = average monthly temperature in degrees F 
P = required monthly precipitation or consumptive Use 
requirement in inches 
E = average monthly evaporation in inches 
55 
Munson tabulated data to determine the consumptive use requirement 
for any month. These data are given in Appendix B, Table 27. When the 
mean monthly temperature is known, the consumptive use can be read 
directly from the table. 
In Equation 61, pI E is the monthly P. E. ratio (PER) and P 
is the required precipitation, or potential evapotranspiration, Et. 
Rearranging Equation 61 and solving for Et, one obtains 
E t = O. 13 9 (PER) O. 9 (T - 10) . 62 
This equation is considered to be the Munson formula. 
Hamon formula. Hamon (1963) developed a formula for potential 
evapotranspiration based on pos sible hours of sunshine and the saturated 
water vapor density at the daily mean temperature. He stated (p. 325) 
The concept of potential evapotranspiration was 
introduced by C. W. Thornthwaite (1948) and is under-
stood to represent the rate at which water would be 
removed from an extended area covered by an actively 
growing green crop, completely shading the soil, and 
with a nonlimiting supply of water. Additional require-
ments are that the rate of evapotranspiration is not 
influenced by the advection of air that has been heated 
over drier areas and the ratio of energy utilized in 
evaporation to that heating the air remains constant. 
M. A. Kohler (1957) has suggested that the evaporation 
from a large water surface must be equivalent to potential 
evapotranspiration. In this respect, the several methods 
adaptive to computing evaporation from an open water 
surface seem applicable in the estimation of potential 
evapotranspiration, provided the necessary data may be 
obtained. On the other hand, soil and plant factors may 
significantly alter the water lost by transpiration so that 
simpler methods based on temperature and daytime hours 
may be effective. 
Upon examination of limited net radiation observations he adjusted 
observed incoming radiation by computing total longwave nocturnal 
radiation and found that by using monthly data, net radiation could be 
represented as a linear function of product of daytime hours and 
temperature, as 
Rn = S (D T - 27) . 63 
in which 
Rn = average daily net radiation in langleys (calories per 
square centimeter) 
D = average duration of daytime hours in units of 12 hours 
T = average daily mean temperature in degrees F 
Hamon considered wind as a constant factor in any climatological 
estimate of average potential evapotranspiration. He as sumed that an 
average relative humidity exists at some height near the surface, and 
that this would result in a proportionality between the saturated vapor 
density at the mean surface temperature, and the average difference 
between the saturated vapor density at the surface and the vapor density 
56 
at the reference height. Average evapotranspiration, Et, was considered 
to be proportional to the saturated water vapor density, P t , at the air 
telllpe ra ture near the s urfac e, thus 
Et = K P t . 64 
Considering that transpiration is a daytime phenomenon due to 
the functioning of the leaf stomata (open only in daylight) and that 
turbulence occurs principally during the daytime, he reasoned that an 
adjustInent for daytime hours is required. Also, the adjustment enters 
again to account for the latitudinal disparity between net radiation and 
mean temperature. 
From the above considerations, he formulated the final simplified 
expression for potential evapotranspiration as 
Et 
in which 
:: C n 2 P t 65 
Et :: average potential evapotranspiration in inches per day 
n :: possible hours of sunshine in units of 12 hours 
P t :: saturated water vapor density (absolute humidity) at 
the daily mean temperature in grams per cubic meter 
times 10 ... 2 
C :: 0.55, chosen to give appropriate yearly values of 
potential evapotranspiration 
Anderson Method. Anderson (1963) developed a method for 
determining irrigation water requirements from a mean ~urve, 
relating evapotranspiration to pan evaporation for California crops. 
The_ method requires a knowledge of the maximum value of the ratio 
Et / Ev and is, therefore, not usable with the Iraq data. 
57 
PROCEDURE 
Climatological and evaporation data 
Climatological and evaporation data were obtained from the 
Ministry of Communications and the Ministry of Agriculture at 
Baghdad, Iraq. These data included: 
Mean maximum daily temperatures, °c 
Mean minimum daily temperatures, °c 
Mean daily wind velocities, knots 
Mean daily relative humidity at 3 -hour intervals, percent 
Monthly precipitation, mm 
Mean daily cloud cover, scale 0 to 8 
Sunshine duration, hours 
Monthly evaporation, Class A and Class B pans, mm 
The data covered the period from May, 1956 to May, 1961. 
Some of the data were punched into the data processing cards as 
reported. Other data were converted to different units before punching. 
Temperature data were reported in degrees C. The mean 
temperatures are assumed to be the average of the mean maximum and 
mean minimum values. They are also assumed to be equivalent to 
temperatures measured at a height of two meters where this was 
specified for any given formula. 
58 
Wind data included the mean wind velocities in knots as measured 
at a height of two meters. Some of the formulas used wind velocities as 
measured above the Clas s A pan, or at a height of about two feet. To 
convert velocities from those measured at two meters to velocities at 
two feet, s.everal methods were tried, and the following relationship was 
adopted as representing an average 
66 
The Rohwer formula for evaporation uses "ground wind. II 
Rohwer (1931, p. 75) 'shows: that the ratio of "ground wind" to wind 
velocity at 2 meters is approximately 1 to 1. 9. This ratio was used 
to convert the wind data to ground wind velocities for use in the Rohwer 
formula. 
59 
The different formulas call for wind velocities in meters per 
second, miles per hour~ or miles per day, and the appropriate conversions 
were made. The punched value was in miles per day. 
Humidity data included mean relative humidity values for each 
three -hour period during the day. The value punched into the data card 
was the average for the eight readings. In some formulas the minimum 
daily humidity is specified, and in others the humidity at noon is used. 
Some formulas use the average daytime humidity. An inspection of the 
data revealed that the relative humidity at noon was consistently the 
lowest value for the eight daily readings and, therefore, the noon reading 
was considered to be the minimum. Space on the cards' did not permit 
60 
tabulation of both the noon, or minimum values, Hn , and the mean daytime 
values, Hdt, therefore, these wer~ computed from the daily mean values, 
Hm , in accordance with the following relationships obtained by plotting 
comparable data. 
~ = 1. 0 + O. 42 H + O. 004 H rn m 2 67 
Hdt = 4. 0 + O. 45 I\n + O. 005 Hrn 2 68 
These relationships are shown in Figures 1 and 2. Where ~ or Hdt 
are used, this is noted under the specific formulas. 
Precipitation date! were reported in millimeters per month. 
These data were first converted to inches per month and then punched 
into the cards. It was assumed at the time that some formulas for Ev 
or Et may require precipitation data, but none that required these data 
were used. 
Cloud cover data were reported in octos, or a scale of 0 to_ 8. 
The data were p:unched into the data cards as reported, and were 
.machine -converted in the various formulas to a scale of 0 to 10 by 
multiplying by 1. 25. 
Sunshin'e data were reported in actual hours of sunshine duration 
per month. These data were converted to percent of possible sunshine 
by dividing by the theoretical hours of sunshine for each month, and 
the percentage figures were then punched into the data cards. 
Class A and Class B pan evaporation data as reported included 
Clas s A pan evaporation for most of the months together with records 
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for Class B (50 ern-diameter pan) for part of the period. To extend the 
Class A pan data to all of the period, the available data for both types 
of pans were plotted and the best relationship between the two was 
obtained, as shown in Figure 3. The relationship was 
EVa :;: 0.906 EVb 
When Class A pan data were missing, the computed values from 
the above relation were used. 
Other data used in the various forrnulas 
Additional data necessary to the solution of sorne formulas were 
obtained and also punched into the cards. 
Radiation data punched into the cards were interpolated from a 
table cornputed by Christiansen and Patil (1961) of original data by 
Shaw (1942). This table is included in Appendix B, Table 24. The 
values were punched without the decirnal points so they are 100 times 
63 
the actual values. Some of the forrnulas specified incoming radiation, 
sorne net radiation, and various rnethods had to be used to estirnate these 
values in terrns of theoretical radiation and cloud cover or sunshine 
percentages. The specific rnethods are discussed under the appropriate 
forrnula paragraph. 
Other data punched into the data cards are discussed in the 
~ppropriate paragraph on the specific forrnula. The procedures required 
for using the data are also discussed. 
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Vapor pressure data. All vapor transfer equations required the 
computation of vapor pressures from available temperature and relative 
humidity data. Since the relationship between temperature and saturated 
vapor pressure is not linear, the use of mean monthly values of 
temperature and humidity will not give correct values of mean monthly 
vapor pressure, but the error due to this lack of linearity will probably 
be less than errors in measurement. No correction ,for the bias has 
been made. 
The s~turated vapor pressure, ~vs' at absolute temperature, T, 
was computed from the equation 
P _ e(c - aft) vs - 70 
in which c and a are constants and e is the base of the natural or 
Napierian logarithms. For P vs in inches of Hg and t in degrees F, 
the equation becomes 
= e 
(17. 765 - 9576. 0 / (t + 459. 7) 71 
The actual pres sure' of the vapor in the atmosphere, P va' is 
then 
72 
in which H is the relative humidity in percent. The vapor pressure 
deficit, P vd' is then 
:; p vs (1 - O. 01 H) 73 
The vapor pressures correspondi:q.g to either mean or mean maximum 
temperatures were first computed in inches of Hg and then converted 
to mm of Hg or millibars to satisfy formulas. 
Pan and lake evaporf3,tion relation~hips 
fI 
Some of the fO':fmulas are for computing Clas s A pan evaporation, 
Evp ' directly, and others are for computing lake evaporation, EVl' For 
purposes of comparison it is necessary to convert the lake evaporation to 
pan evapor~tion. Engineers have generally assumed the ratio 
EVI / Evp = 0.7. This value is approximately correct for seasonal 
ratios, but monthly ratios vary considerably during the season. Young 
(1945) presents data for Lake Elsinore, California, which have been 
plotted in Figure 4. A cosine curve was fitted to these points, which can 
be expressed by the equation 
Cp = 0.79 + 0.17 cas (M+ 1) (1T /6) . 74 
in which 
C p ::; EVl / Ev p' called the pan coefficient 
M :;: number of the month, beginning with January. 
This equation gives an annual value of Cp ::; O. 77 and an April-
October value of O. 75 when appli~d to mean monthly pan evaporation 
data from central Iraq. These seasonal ratios appear reasonable for 
cljrnatic conditions in Iraq. The relationship was therefore used to 
convert all computed monthly lake evaporation values to corresponding 
pan evaporation values. 
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Tabulated data 
The data as punched into the data processing cards is given in 
Appendix B, Table 9. The explanations of the column headings are 
given on the facing page. 
Programs for computing evapo-
ration and evapotranspiration 
Computer programs in FOR-GO and FOR-TO-GO language were 
prepared for computing evaporation and evapotranspiration for all of the 
applicable formulas. The results of the computed evaporation are com-
pared with the actual measured pan evaporation: in central IrCl:.q by 
computing both the differences in computed and actual evaporation, and 
the ratios of the two values. This could not be done for the evapotrans-
pi ration values because there were not sufficient reliable data on actual 
evapotranspiration. Therefore, comparisons are made between the 
re suIts of the computations from the various methods or formulas. 
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The computer programs are listed in Appendix A, and the results 
of the computations from the progralTIs are in tables in Appendix B. 
Meyer's formula uses the vapor pressure deficit in inches of 
Hg corresponding to the mean water surface temperature and the actual 
pressure of the vapor in the atmosphere. Since the water surface 
telTIperatures are not available, the mean air temperature was used 
in the computations. An inspection of some data on comparative mean 
temperatures of the air and water in pans and lakes indicates that the 
mean water temperatures are generally a little higher than the mean 
air temperatures, therefore, the results of the computations may give 
values of evaporation that are lower than if mean water temperatures 
were used. The results from Computer Program. 1 are given in Table 
10. 
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Rohwer IS forrnula also used vapor pre ssure deficits corresponding 
to the water surface temperature, hence the same com.m.ent as for the 
Meyer formula applies. The results of the cornputations from Com.puter 
Program 1 are given in Table 10. 
Kokoulin and Yatsentkovskii's, and Braslavskii and Vikulina's 
formulas use vapor pressure deficits corresponding to m.ean water surface 
temperatures, hence, the same comment as for the Meyer formula applies. 
For both of the formulas, the wind velocities are in meters per 
day, W, to meters per second, WMS, is 
WMS :;; 0.01863 W 
The parameters A and k in the Kokoulin and Yatsentkovskii 
formula were computed froIn equations determined from the graphs 
relating these parameters to the relative hUInidity,!-L These equations 
were 
A :;; 0.203 O. 003 H + .. 0.0000144 H2 
k :;; 0.447 + 0.00067 H + 0.0002 H2. 
75 
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The lake evaporation was converted to pan evaporation by dividing 
by the monthly pan coefficient, Cpo The results from Computer 
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Program 1, converted to inches per month, are given in Table 11. 
Harbeck's formula uses the vapor pressure deficit, in milli):>ars, 
corresponding to the water surface temperature, hence the same comlllent 
for the Meyer forllluia applies. Since the formula is for lake evaporation, 
the results from COlllputer Program 1, converted to pan evaporation by 
dividing by the monthly pan coefficient, C P ' are given in Table 10. 
Papadakis' formula is based on the difference in the saturated 
vapor pressure at the mean daily lllaximum temperatures for the month 
and the actual mean pressure of the vapor in the atmosphere. An 
inspection of the data revealed that the relative humidity at noon, H , 
n 
was the lowest reading for the day. The assumption was made that the 
humidity at noon corresponded to the mean maximum temperature. 
The saturated vapor pressure, P vsx ' at mean maximum daily 
temperature, tx ' for the month, is given by a modification of Equation 
71 
::: e 
17.765-9576/{t' +459.7) 
x 
The vapor pressure deficit, P d ' in millibars, corresponding to the 
v x 
mean maximum daily temperature and the humidity at noon, H
n
, then 
becomes 
P vdx ::: 33.86 P vsx (1 - 0.01 Hn) . 77 
The evapotranspiration in the Papadakis formula is in centiITleters 
per month. The results of the computations from Computer Progralll 2, 
converted to inches per month, are given in Table 12. 
Penman's method necessitates some assumptions. The value of 
the reflection coefficient oLthe surface, r, was taken equal to 0.25, as 
was done by Criddle (1958). To convert lake evaporation to pan evapo-
ration, the monthly relationship of pan to lake coefficient, C p ' as 
previously discussed, was used. The results from Computer Progranl 
;3 are given in Table 13. 
Utah, Christiansen,. Patil, and Mathison formulas use wind 
velocity above the evaporation pan at a height of about two feet. In order 
tp use the data in these formulas, the wind as measured at a height of 
two meters was reduced to that at pan height by a factor of 0.75. The 
hwnidity was converted to that for daytime values, as explained 
:previously. 
The computations were carried out in two steps. The output 
of Computer Program 4 as shown'inTable 14 was used as data for 
Computer Program 5, with which the pan evaporation was computed 
~nd compared with the measured evaporation. Program 4 punched 
the tabulated monthly coefficients in the data cards for Program 5. 
The results of these cOnlputations are given in Appendix B, Tables 
15 and 16. 
Turc's formula required the c onver sion of the theoretical 
radiation data, in equivalent inches of evaporation per month, R, to 
values in calories per square centimeter per day, R t . This conversion 
factor is 
R t :: 1485. 6 R / M 
71 
in which 
M = number of days in the month 
The results of the computations, from Computer Program 6, 
using the Darlot and Lecarpentier (1963) modification, are given in 
Table 17. 
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The Jensen and Haise method uses cloudless sky radiation values. 
To use the equations developed by Jensen and Haise, it was necessary to 
convert the theoretical radiation values to cloudless day radiation values, 
Ro. This was done by comparing the tabulated values of Ro with the 
theoretical values, R, for a latitude of 32 degrees, from which it was 
fpund that 
Ro = 0.807 R / M (approximately) 
Values of the mean solar radiation for each month, in inches per 
day, were then estimated from both the cloud cover and sunshine relations 
given by Jensen and Haise (1963), as explained previously. The results 
of the computations for both formulas from Computer Program 6 are 
given in Table 17. 
Three of Gras si I s formulas we re us ed for computing potential 
evapotranspiration: Formula-1a, Equation 39, derived from theoretical 
radiation, temperature, and crop cover data; Formula 1b, Equation 
40, derived from temperature and vegetative cycle data; and Formula 
3a, derived from pan evaporation and crop cover data. The coefficients 
for crop cover, C erc ' and vegetative cycle, C vc ' were taken as 1. O. 
The F value was assumed to be 1. 10, which applies to crops such as 
alfalfa, as mentioned previously. The results from Computer PrograIn 
6 are given in Table 17. 
The Lowry-Johnson method was designed to estimate annual 
valley consumptive use. For monthly values it was necessary first to 
compute the mean annual value of effective heat, F, from the monthly 
values of f, and the mean annual value of the consumptive use, U, from 
Equation 46, then to compute the monthly values of consumptive use, u, 
as was done by Criddle (1958), from Equation 47 
u = (f / F) U 
The computed monthly values of f, from Computer PrograITl 7, 
ranged from 0.85 to 2.53 as given in Table 18. The mean annual value 
was 20.4. The results of the consumpti ve use computations, from 
Computer Program 8, converted to inches per month, are given in 
Table 19. 
The Blaney-Criddle formula uses monthly k values that are 
known to vary greatly from month to month, especially when the formula 
is used for estimating pan evaporation. The computed values of 
evaporation or consumptive use will therefore depend directly on the 
as sumed k value s. 
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For potential evapotranspiration, the monthly values of k were 
taken from Blaney (1959) for alfalfa at Mesa, Arizona, and were plotted 
against mean temperatures. An approximate best-fit line, drawn through 
the points, can be expres sed by the relationship 
k = - 0.15 + 0.015 t 78 
in which t is the mean monthly temperature. The value s of k for 
each month were then punched into the cards corresponding to mean 
temperatures far central Iraq. 
For evaporation, Blaney (1956) gives k values for two stations, 
Fort Collins, Colorado, and Logan, Utah. Christiansen (1960) reported 
k values for six evaporation stations in Utah. These data were plotted 
as shown in Figure 5. The line shown, for which the equation is 
k = O. 20 + O. 0178 t 79 
represents an approximate best fit. The computed evaporation for the 
Blaney-Criddle formula was obtained using this relation for estimating 
the k value~ The evaporation and consumptive use values from the 
Blaney-Crid~le formula, from Computer Program 9, are given in Table 
20. 
Data from Christiansen (1960), taken alone, show that the value 
of the Blaney-Criddle k, as applied to pan evaporation, kev' can be 
~xpressed approximately by the relation 
k ev = (0. 10 + O. 0 128 t) (0. 92 + O. 20 W) 
. in which 
t = the mean temperature in degrees F 
w :: the mean wind velocity above the pan in miles per hour 
Later k values were computed for the Blaney-Criddle formula, 
with Computer Program 11, using the actual evaporation and mean 
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temperatures for central Iraq. These values are given in Table 22. The 
values were plotted as shown in Figure 6 and a smooth curve was drawn 
through the points_ The adjusted values, BCKA, were then punched into 
all data cards. 
Thornthwaite IS formula uses an annual value of the "heat index, " 
I, which is the sum of the monthly heat index values, i. It was necessary, 
therefore, first to. compute a mean value for the annual heat index, I, 
using Computer Program 7, from the monthly values and to then use this 
annual value in the formula for monthly evapotranspiration. The mean 
annual value of I was found to be 130, with monthly values of i ranging 
from 2.4 to 19.6, as given in Table 18. When usiilgthe annual value for 
heat index (I = 130), the value of the exponent, a, in the equation 
a = 0.675 x 10-6 13 - 0.771 x10 -4 12 + 0.01792 1+0.4924 
was found to be 3. O. 
The results from Computer Program 8, are given in Table 19. 
Hargreaves I formula uses the humidity at noon. The mean daily 
humidity was therefore converted to relative hu..midity/ at noon by means 
of Equation 67, as explained previously. \ \ 
For evapotranspiration, the k values were taken from Hargreaves 
(1956) for alfalfa at Davis, California, and plotted against the mean 
temperature, t. An approximate best-fit straight line relation was found 
to be 
k = - O. 37 + 1. 425 t . 81 
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This relation gave a fairly good fit except for the k values reported 
for April and October. The values of k corresponding to the mean 
monthly temperature for each month in central Iraq were then punched 
into the data cards. The results of the computations from Computer 
Program 10 are given in Table 21. 
Quijano's formula uses a set of F values for each month for 
latitudes of 36 0 to 44 oN. These values were extrapolated to a latitude 
of 32oN, and the values plotted. A smooth curve was fitted to the points 
and the values from the curve were punched into the data cards as in 
Appendix B, Table 9. The results from Computer Program 2 in 
millimeters per month, converted to inches per month are given in 
Table 12. 
Munson's form.ula depends on the precipitation-evaporation ratio, 
PER, which Munson (1962) determined for average conditions in the 
Unit~d States and tabulated. These monthly values were punched into 
the data card\3. There appeared to be no practical method of adjusting 
these values to b~tter apply to climatic conditions in central Iraq. The 
results of the oomputations from Computer Program 8 are given in 
Table 19. 
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H~mon's form.ula uses a daylight factor the same as Thornthwaite's 
(1948). The saturated water vapor density, P t , at the daily mean 
temperature, in grams per cubic meter times 10 -2, was computed 
from the relationship 
P t = (0.472 + 0.9856 Vp - 0.00128 Vp
2 ) /100 82 
in which 
V p = vapor pre s sure in millime te r s of Hg 
The results from Computer Progra,m 2, in inches per day, converted 
to inches per month, are given in Table 12. 
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DISCUSSION OF RESULTS 
Pan evaporation computations 
An inspection of Tables 10 through 21 in Appendix B indicates 
that the meas\lred ~vaporation in 1960 or 1961 for most of the months 
was considerably lower than for the other four years. The mean values 
of the measured and computed evapo:ration for the five years are 
summarized in Table 1. since the mean values of the evaporation, Ev, 
in this table were affected by the erratic values, the results were also 
averaged for the four most consistent years of record. The mean 
values for the four years selected are given in Table 2. The mean 
values of the meaeured evaporation in this table are as sumed to be m.ore 
reliable than thQse in Table 1, and comparisons are made on the basis 
of the mean monthly a~d annual values as given in Table 2. 
Table 3 gives the ratios of computed to actual measured evapo-
ration for all of the formulas. 
Th~ Meyer, Rohwer, and Harbeck formulas give about the same 
annual values as the measq.red evaporation, with ratios varying from 
0.94 to 0.99. In all cases, however, the computed values were higher 
for the summer and lower for the winter months than the measured 
evapolt"ation, and this is partic~larly true with respect to the values 
computed from the Harbeck formula, for which the June and July values 
are above 40 inches per month, with ratios of computed to measured 
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TABLE 1. MEAN MONTHLY MEASURED AND COMPUTED EVAPORATION FOR A FIVE-YEAR PFRIOD 
MO EV MEYR ROHR UTAH CHRS PATL MATH PENM B-C HARG HARB K-Y B V 
1 04.9 02.8 02.6 03.9 03.3 03.3 02.9 03.4 04.2 03.3 02.0 01.3 01.5 
2 06.1 04.5 04.0 05.4 1)4.9 04.8 04.1 05.8 04.4 04.3 03.6 02.3 02.7 
3 08.9 07.0 06.8 08.0 07.6 07.3 06.4 ll.3 06.7 07.5 07.1 04.5 05.2 
4 12.2 11.7 11.0 10.7 10.3 09.9 08.7 20.0 09.6 11.8 12.5 08.0 09.2 
5 16.3 19.9 19.2 15.3 15.3 13.8 12.9 36.5 1'3.6 18.1 22.7 15.0 16.7 
6 26.7 32.3 30.8 21.3 21.3 16.8 16.5 57.9 15.9 22.5 39.1 24.7 26.9 
7 29.2"" 36.4 35.8 22.4 22.4 16.7 17.8 61.2 17.6 24.5 40.9 26.2 28.4 
8 29.2 30.9 29.5 19.4 lq.6 15.4 16.0 43.6 16.5 22.9 26.3 18.4 19.9 
9 25.4 24.3 22.6 15.9 15.5 13.1 12.8 10.1 12.9 17.9 18.3 12.t; 13.7 
10 16.3 14.1 13.4 10.5 0C).8 10.0 09.2 16.1 ()9.7 13.0 C19.() 06.4 07.2 
11 09.7 06.2 05.7 05.8 05.0 05.1 04.4 06.7 05.9 06.4 03.8 02.5 03.0 
12 06.5 02.9 02.8 03.7 03.1 03.0 02.9 03.3 04.3 03.4 01.8 01.2 01.5 
5UM191.4 193.0 184.2 142.3 138.1 119.2 114.6 295.6 121.3 155.6 187.1 123.0 135.9 
EVC/EV 1.01 0.96 0.74 0.72 0.62 0.60 1.54 0.63 0.81 0.98 0.64 0.71 
RA 5.96 13.00 13.80 5.74 6.79 5.06 6.14 18.00 ?93 7.42 20.45 20.1C:: 18.93 
RA = R.ATIO OF VALUES FOR JULY TO VALUFC; FOR JAf..HJARY 
co 
I-'-
TABLE 2. MEAN MONTHL Y Mf,ASURED A.ND COMPUTFD F-V.APORAT ION FOR A FOUR-YFAR P~R IOf) 
MO EV MEYR ROHR UTAH CHRS PATL MATH PEr-lM B-C HAPG HAPS K-Y B V 
1 04.2 03.0 02.8 03.9 03.4 03.3 03.0 03.7 04.2 03.4 02.1 01.4 01.7 
2 05.5 04.7 04.2 05.4 05.0 04.8 04.2 06.1 04.4 04.4 03.8 02.4 02.8 
3 08.8 07.0 06.8 07.9 07.5 07.4 06.4 11.3 06.9 07.8 07.0 04.4 05.2 
4 13.1 11.6 10.9 10.9 10.4 10.1 09.0 20.0 09.6 11.6 12.5 08.0 09.2 
5 17.7 19.4 17.2 15.6 15.5 14.0 13.0 36.0 13.3 17.5 23.0 14.8 16.6 
6 29.9 32.6 31.3 21.9 21.9 17.3 16.9 58.9 15.9 22-.4 40.2 25.2 27.5 
7 32.8 36.5 36.1 23.0 23.0 17.1 18.2 61.7 17.4 24.5 41.7 26.4 28.7 
8 28.5 31.9 30.8 20.2 20.5 15.9 16.4 45.6 16.4 22.9 28.2 19.4 20.9 
9 24.7 25.0 23.4 16.3 15.9 13.2 12.9 31.2 13.0 18.1 19.3 13.1 14.3 
10 17.1 14.1 13.3 10.6 09.9 10.2 09.3 16.1 09.6 13.0 08.9 06.4 07.2 
11 08.3 06.2 05.7 05.8 05.1 05.1 04.5 06.8 05.8 06.4 ('\3.9 02.6 0'3.1 
_. 
12 05.5 02.8 02.7 03.7 03.1 02.9 02.8 0'3.3 04.2 03.3 01.9 01.2 01.5 
SUM196.1 194.8 185.2 145.2 141.2 121.3 116.6 300.7 120.7 155.3 192.5 125.3 138.7 
EVC/EV = 0.99 0.94 0.74 0.72 0.62 0.59 1.53 0.62 0.79 0.98 0.64 0.71 
RA 7.81 12.17 12.89 5.90 6.76 5.18 6.07 16.68 4.14 7.21 19.86 18.86 16.88 
00 
N 
TABLE 3. 
MO EV 
1 04.20 
2 05.52 
3 08.78 
4 13.08 
5 17.65 
6 29.95 
7 32.75 
8 28.48 
9 24.72 
10 17.08 
11 08.28 
12 05.50 
ANNUAL 
THE MEAN MONTHLY RATIOS OF ~OMPUTED ~VAPORATION TO ACTUAL FVA~ORATION 
MEYR ROHR UTAH CHRS PATL MATH PENM B-C HARG HARB K .... Y 8 V 
0.71 0.-68 0.93 0.80 0.78 0.72 0.88 1.00 0.82 0.50 0.33 0.40 
0.85 0.76 0.98 0.90 0.87 0.77 1.11 0.80 0.79 0.68 0.4, 0.51 
0.80 0.78 0.90 0.85 0.84 0.73 1.29 0.79 0.88 0.80 0.51 0.59 
0.89 0.83 0.83 0.80 0.77 0.69 1.53 0.74 0.89 0.96 0.61 0.70 
1.10 0.98 0.88 0.88 0.79 0.73 2.04 0.75 0.99 1.30 0.84 0.94 
1.09 1.04 0.73 0.73 0.57 0.56 1.97 0.53 0.75 1.34 0.84 0.92 
1.11 1.10 0.70 0.70 0.52 0.55 1.88 0.53 '"'.75 1.27 0.81 0.88 
1.12 1.08 0.71 0.72 0.56 0.58 1.60 n.58 0.80 0.99 0.68 0.7'3 
1.01 0.94 0.66 0.64 0.54 0.52 1.26 0.52 0.6'3 0.78 ()a5'3 "'.58 
0.82 0.78 0.62 0.58 0.59 0.54 0.94 0.56 n.76 0.52 0.37 0.42 
0.75 0.69 0.69 0.61 0.61 0.54 0.82 0.70 0.78 0.47 0.31 0.37 
0.51 0.49 0.67 0.56 0.52 0.51 0.59 0.76 0.60 0.34 0.22 0.27 
0.99 0.94 0.74 0.72 0.62 0.59 1.53 0.62 0.79 0.98 0.64 0.71 
.. -~~~.~--.. -
00 
w 
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evaporation of 1. 34 and 1,27, respectively. 
The Penman formula. gives very high values for the summer 
months bq.t for October through January the mean values are slightly 
Ie s s than the measured evaporation. The annual computed evaporation 
is 30 inches, with an annual ratio of computed to measured evapora.tion 
of 1. ~3. The monthly ratios varied from O. 59 for December to 2.04 
for May, as given in Table 3. 
All other formulas give reeults that are lower than the measured 
evq.poration for all month-s, with the annual ratios varying from 0.59 for 
the Mathison formula to O. 79 for the Hargreaves formula. The Blaney-
C~iddle formula gives the correct value fol1' January, but lower values 
thaq any of the other formulas for the summer months, with ratios of 
0, 53 for June and July. The K- Y and B-V formulas (Russian) give the 
+owest values for the six months, October through March, with ratios 
f:rom 0.22 and 0.27 J respectively, for December. For the summer 
months the computed values were higher than for several of the other 
formulas. 
Anal ysis of evaporation formulas 
\ 
To better understand the reasons for the results obtained an 
analysis of the formulas was undertaken. Comparisons were made of 
~he effects of the various weather factors that enter into the computed 
values from the various formulas. To make such comparisons the 
rel~tive effect of the following factors: radiation, temperature, humidity, 
85 
wind, sunshine, and daytime hours percentage were computed and are 
shown in Figures 7 through 12. These relative effects can be compared 
opr the basis pf coefficients as they are used in the Utah, Christiansen, 
PatH, ~nd Mathison formulas. In all cases, values of the climatic factor 
were selected for which the coefficient was set equal to 1. O. These 
values w~re: radiation, 16 inches per month; temperature, 68 degrees 
F; relative humidity, 40 percent; wind velocity, 100 miles per day; 
s\l:pshine, 80 percent; and daytime hours, 8 percent. 
In each figure, the range of monthly values applying to central 
iraq is shown. The range of mean values for January and July is also 
shown. Wh~p a formula does not contain a given climatic factor, the 
cqefflci~nt is equal to unity, and is represented by horizontal lines in 
the figure s. 
Radiation coefficients, C R , as shovvn in Figure 7, are included 
in only the Utah, Christiansen, Patil, and Mathison formulas. For the 
pange of R values that apply at latitude 32 degrees N the values of 
C R vary for the Mathison formula from 0,42 to 1. 42 for June, with 
a smaller range of values for the other formulas. 
Temperature coefficients, C T , as shown in Figure 8, are 
included in all fOlTmulas. In the vapor transfer formulas, the temperature 
factor ia included indirectly in the vapor pressure deficit, and the effect 
of temperature on coefficient, C T' is more extreme than in the other 
formulas. For the range of monthly mean temperatures for central 
Iraq, 47.8 to 96. 3 degrees, the coefficients vary from 0.485 to 2.50 for 
L 75 
1. 50 -
1. 25 .-
Radiation coefficients 
Mathison: C
J 
= O. 0284 R + O. 00213 R 2 
Utah 
Christiansen C R = -J. 0625 R Patil 
Others: C R = 1. 0 
Mean values 
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Temperature Coeff~~ients 
L 
2. 
3. 
4. 
5. 
Blaney-Criddle: C T = 0.002085 T + O. 0001856 T 
Christiansen: CT = 0.0147 T 
Utah: C T :: ... o. 095 + o. 0 16 1 T 
6 -4 Patil: C T ;:: -1. 204 + 0.04 3 T - 2.04 x 10 
Mathi~on: C T = -0.249 + 0.0233 T 
-7. 21 x 10-5 T2 
6 
I 6. Ha.;rglTeaves: C T =-0. 890 + O. 0278 T 
1. 50 . V. T. form1.,1las: CT = 
1. 462 e [17.765 - 9576 / (T + 459. 7.U 
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Figure 8. Comparison of temperature coefficient for varia 1S 
formulas 
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all vapor transfer formulas, with a smaller range for the other formulas, 
J-Iumidity co~fficients, CH , are shown in Figure 9. Here again the 
vapor transfer fprmulas have ~ wider range of humidity coefficients than 
the other formulas, ranging from 0.367 to 1,33, the range of mean 
monthly relative humidities in .central Iraq, 20 to 78 percent. In contrast, 
tl)e humidity effect in t:p.e Utah and Patil formulas ranges from only 0.86 
to 1. 06. Humidity is not included, directly or indirectly, in the Blaney-
Criddle formula, and therefore has no effect on the results, This lack 
of a humidity factor partially explains the low ratio of computed July to 
January evaporation, which was only 4. 1. 
The. wind coefficient s" C W' as shown in Figure 10, vary widely. 4 
The Harbeck formu,la, in which the evaporation is directly proportional 
to the wind velocity, has the extreme effect, with coefficients ranging 
fl'om 1. 11 to 2" 76 for the range of monthly wind velocities, 111 to 276 
rni~es per day for central Iraq. The Blaney-Criddle and Hargreaves 
formulas have no wind factors. The wind coefficients for the other 
formulas range from 1. 02 to 2. 05. The highest mean wind v~locities 
ip central Iraq occur in June and July, and the lowest from October 
through January. ':fhe wind coefficients partially explain the high ratio 
of July to Januar)f evaporation from the Harbeck formula, which was 
20, and the relatively low ratio for the Blaney-Criddle formula, which 
was only 4. 1. 
The ~unshine coefficients, Cs ' as shown in Figure 11, are 
included in only the Utah, Christiansen, Patil, and Mathison formulas. 
1. 75 
t.50 
1. 25 .~ 
Hurn.idity coefficients, C H 
1. K- Y: CH = 2.357 -0.0473 H + 4.0 x 104 'H2 ... 1. 625 x 10-6 3 
2. Patil: CH = 1. 084 - o. 0019 H - 2. 25 x 10-~ H2 
3. Ha r g rea v e s: C H = 1 . 306 - 5. 54 x 10 - 3 H 
- 5.28 x 10-5 H2 I 
4. Utah: C H = 1. 088 - 1. 522 x 10-
3 H - 1. 69 x 1C -5 H2 
5. Christiansen: CH = 1. 174 - 3.02 x 10 -3 H j 
-3.36x10':'5 H2 
6. Mathison: C H = 1. 262 - 4.53 x 10-
3 H 
- 5.04 x 10 -5 HZ 
7. Blaney-Criddle: C H = 1. 0 
-I 
8. Rohwer, Meyer, B-V, Harbeck, I 
and Penman: C H = 1. 667 ... 0.01667 H 
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Figure 9. Comparison of humidity coefficients for various 
formulas 
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Wind coefficients 
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2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Harbeck: Cw = O. 01 W 
K- Y: Cw = 0.403 + 0.00597 W 
B-V: Cw = 0,427 + 0.00573 W 
Penman: C W = 0.505 + 0.00495 W 
Utah: C w = 0.598 + 0.00402 W 
Christiansen: CW= 0.625 + 0.00375 W 
Rohwer: C w = 0.630 + 0.00370 W 
Meyer: C W = 0.706 + 0.00294 W 
Mathison: C W= 0.764 + 0.0045 w 
- O. 14 x 10-5 W 2 
Patil: C w = 0, 749 + O. 00276 W 
- O. 25 x 1 0 5 W 2 ....... --.::.:..=..=..=--I-~::..=....=:=-=--=~ 
1. 75 11. Blaney-Criddle: C w = 1. 00 
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Utah: Cs = 0.549 + 0, 00564 S 
Christiansen: C
s 
= 0.560 + 0.00550 S 
Fa til: C S = O. 459 + 5. 68 x 10 - 3 S + 1. 36 x 1 0 - 5 S 2 
Mathison: C s = 0.609 + 5.75 x 10-3 S - 1. 08 x 10-
5 S 
Others: Cs = 1. 00 
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Figure 11. Comparison of sunshine coefficients for variouE 
formulas 
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The sunshine coefficiept modifies, the theoretical radiation to give more 
nearly the net radiation effect. The range of sunshine coefficients was 
from 0.77 to ~. 10 for the Patil formula, and less for the others. Sunshine 
percentage did not have a major effect on the computed evaporation in 
any instan~e. 
The coefficient for percentage of daytime hours, CDT, is included 
in only the Blan~y-Criddle and Hargreaves formulas, as shown in Figure 
12. The range of coefficients is from O. 87 to 1. 22 for central Iraq 
limits. 
For the Penman, Harbeck, K-Y, and B-V formulas, which are 
for lake evaporation, an additional coefficient was applied to obtain pan 
~vaporatio:n. This coefficient is the reciprocal of the pan coefficient, Gpo 
The Utah, Christiansen, Patil, and Mathison formulas have month~y 
coefficients, G M , as given in Appendix B, Table 14. 
Each formula can be expressed by an equation of the form 
Ev = K GR C T C w C H eDT Cs C M (1 / C p ) 
= K C . 
~n which C is the product of the coefficients. 
83 
From the above analysis it is evident that the net effect of all 
factors included in the formulas on the computed evaporation is 
proportional to the product of all the coefficients. Values of C range 
from a maximum for July of 9.57 for the Harbeck formula to a minimum 
of 1. 99 for the Patil formula. For January, the corresponding range of 
1. 75 
1. 50 
E-i 1.25 
Q 
l) 
0.50 
0.25 
o 
2 
Othe r formulas 
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P~centage daytime hours 
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Blaney-Criddlel 
Hargreaves J 
Others 
8 
O. 125 D tp 
1.0 
10 
Percentage of daytime hours 
Figure 12. Comparison of daytime hours coefficient for 
various formulas 
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12 
C was from a maximum of 0.55 for the Blaney-Criddle formula to a 
minimum of 0.33 for the Mathison formula. The ratios of C for July 
to C for January v~ry from about 20 for the Harbeck and K - Y formulas 
to 4. 13 for the Blaney-Criddle formula. 
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The large variation in temf»erature and humidity coefficients in 
the vapor transfer formulas (Meyer, Rohwer, Harbeck, Penman, K- Y, 
and B -V) explains why they give r~lat~vely high values of evaporation for 
the summer months, with ratioa of cO!l\puted values for July to computed 
value s for Janu«lry varying from 12 to 20. The ratio of the mean 
rpeasured evaporation for July to the mean measured evaporation for 
January was only 7 ~ S. The comparative ratios of July to January evapo-
ration for the other were: Utah, S.9; Christiansen, 6.8; Patil, 5,2; 
Mathison, 6.0; Blaney-Criddle, 4.1; and Hargreaves, 7.1, all of which 
were lower than the corresponding ratio of the measured evaporation. 
Computed values of the coefficients for all the formulas for 
January and July are given in Table 4. 
A similar analysis of the evapotranspiration formulas could be 
mad~ for cQmpari~ons of the effect of the diffe~ent climatic factors. 
Evapotranspiration formulas 
For th~ evapot;ranspiration f9:rrnula$, the comparisons must be 
made somewhat differfi!ntly than for the evaporation formulas because 
there are no potential evapotranspiration data available for central Iraq. 
Limited data on actual evapotranspiration for two crops, cotton for the 
TABLE 4. COEFFICIENTS OF DIFFERENT FACTORS FOR JANUARY AND JULY 
FORMULAS tR (T CH CW COT CS 1/CP eM c RATIO** 
MEYER JAN. 1.00 0.56 0.55 1.11 1.00 1.00 1.00 1.0f' 0.,4 
JULY 1.00 -2.38 1.28 1.'36 1.0n 1.nn 1.0f" 1.('\() 4.14 12.2 
ROHWER JAN. 1.UO 0.56 0.55 1.14- 1.00 - 1.0n 1. 00 1.01') 0.,5 
JULY 1.00 2.38 1.28 1.44 1.0(') 1.~(,) 1.00 1.00 4.,Q 12.5 
UTAH JI~N. 0.62 0.74 0.91 1.15 1.00 0.91 1.00 1.06 0.46 
JULY 1.25 1.43 1.04 1.49 1.00 1.01 1. '00 0 .. 99 2-.77 6.0 
CHRISTIANSEN JAN. 0.-62 0.7-6 0.82 1.14 1.00 .0.91 1.00 0.99 0.4{) 
JULY 1.25 1.39 1.0~ 1.45 1.00 1.01 i.OO 0.99 2.74 6.8 
PATll JAN. 0.62 0.65 0.90 1.08 1.00 0.87 1.00 1.10 0.37 
JULY 1.25 1.,5 1.0S 1.24 1.00 1.01 1.00 0.91) 1.99 5.4 
MATHISON JAN. 0.49 0.76 O.7~* 1.0~ 1.00 O.t:J? 1.00 1.21 0.33 
JULY 1.41 1."31 1-.1"3* 1.25 l.-t)() 1.('10 l.on 0.S9 2,'-3() 7.<" 
PENMAN JAN. 1.00 D.S-o 0.5-5 1.19 1.00 1.00 1.14 1.0'1 0.42 
JULY 1.00 2.38 1.28 1.60 1.00 1.00 1.42 1. {)tj --6.92 16.5 
8-<: JAN. 1.00 0.61+ 1.00 1.00 0.90 1 ... 0-0 1.00 1.00 0."55 
JULY 1.00 1.96+ 1.00 1.00 1.22 1.00 1.00 1.00 2.27 4.1 
HARGREAVES JAN. 1.00 0 .. 55 0.70 1.00 0.90 1.00 1.14 1.0n 0.40 
JULY 1.00 1.74 1.15 1.00 1.22, 1.00 1.42 1 • '00 3.47 8.7 
HARBECK JAN. 1.00 0.56 0.55 1.38 1.00 1.0D 1.14 1.00 0.48 
JULY 1.00 2.38 1.28 2.21 1.00 1.00 1.42 1.00 9.57 19.9 
K-Y JAN. 1.0D 0.56 0.49* 1.23 1.00 1.00 1.14 1.()() 0.38 
JULY 1.0n 2.36 1.46* 1.7? 1.nO l.nn 1.4? 1.0n 8.42 22.2 
8-V JAN. 1.00 0.56 0.55 1.22 1. nn I. ('If' 1.14 l.o" f'I.42 
JULY 1.00 2.38 1.28 1.69 1.00 l.on 1.42 1.00 7.,1 17.4 
* BASED ON APPROXIMATE RELATIONSHIP 
+ BASED ON K = 0.2 + 0.0178 T 
** RATIO OF C FOR JULY TO C FOR JANUARY 
-.J:) 
Ul 
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summer of 1959, and wheat for ~he winter of 1959-60 and 1960-61 were 
obtained from Iraq. Th~ data wer~ in millimeters for periods between 
irrigations and were determined fr'om the amo~nt of irrigation water 
applied, plus rain, less the amount of drainage water removed. The 
first irrigat~on was omitted in the determinations because the amount 
of water required to bring the ~oil to saturation at the drain level was 
unk'nown. The data are summar~zed in Table 5. Seasonal totals are not 
given becau~e a summq.tion of the monthly values dges not iflclude all pf 
the seasonal evapotranspiration for the crops, The values givell cannot 
be considered pptential evapotranspiration and cannot be compared 
directly with potentifl,l evapotr~nspiration co~puted from the various 
formulae. 
Computed potentia~ evapotranspiration 
(; i 
Some of the formulas are f,or potenti~l evapotranspiration and 
others are for aGt~al ~vapotranspira~ion for specific crops with a constant 
Or factor to be sel~cted for t~e crop q.nder consideration. For such 
formulas, constants ar factors were chosen fo;r alfalfa, which might 
we~l represent potential evapQtranfiipil'a~ion when soil moisture is not 
limiting. To obtain potential evapotrq.nspiration with the Gras si: formulas, 
crop cover and vegetative cycle coefficients were considered equal to 
unity. 
The rneanvahle~ of the computed potential evapotranspiration 
for the fiv,e years ar~ given in Table 6. The total~ for the twelve months 
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Table 5. Summary of evapotranspiration data from Iraq, inches per month 
Month 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Planted 
First Irrigation 
Last Irrigation 
HarV(;Hlt~d 
$ R~ady f.or harvtHtt 
Cotton 
1959 
3. 7 
4.9 
5. 1 
6.S 
6.9 
7.0 
6.9 
April. 4 
October 1 
S~pt~mb@r 4 to 
Nov~mber 5 
Winter wheat 
1 960 1960 -6 1 
1.0 
2, 0 1.8 
2.7 3.2 
2. 9 3.6 
2.7 3. 1 
November 6 November 27 
1959 1960 
November 17 November 30 
April 21 April 2S 
May 26 May 15* 
TABLE 6. MEAN MONtHLY COMPUTED EVAPOTRANSPIRATiON FO~ A FIVE-YEAR PERIOD 
MO B-C HARG iHRN L-J MUNS PENM J-HC J-~S TURC GRIA GRIB GR3A PAPA QUIJ HAMN 
1 02.2 01.1 00.4 02.2 00.6 01.6 02.0 02.1 02.2 03.8 03.7 06~2 02~2 00.9 01.4 
2 02.5 01.8 00.6 02.3 01.1 02.6 02~7 02~9 03.1 04.3 04.2 07.5 03.0 01.0 01.3 
3 03.6 O~.5 01.3 03.D 02.1 04.4 -04.4 ~.6 O~.9 05.R 05.7 10.1 04.1 01.8 02.6 
4 05.6 07.3 03.5 C3.£ 03.4 06.0 06.4 06.7 05.1 06.8 ~7.0 12.2 06.7 n3.1 03.9 
5 09.0 14.5 06.8 04.~ 05.n 08.4 09.8 10.1 06.7 08.4 09.0 ~4.4 10.8 n4.8 06.7 
6 10.7 18.0 10.2 05.2 05.7 10.5 13.~ 12.3 ~7.8 09.~ 10.9 21.2 15~3 00.6 08.1 
7 12.0 19.6 12.3 05.8 06.7 10.9 15.1 12.8 07.6 10.1 11.5 21.~ 17.7 n7.7 09.8 
8 11.2 18.3 12.1 05.8 06.~ 09.2 14.1 12.4 07.5 09.6 10.9 21.9 17.8 07.7 OB.? 
9 08.5 14.4 08.5 05.1 04.3 07.5 10.7 09.~ Ofi.4 ~8.3 09.0 21~2 I~O 05.7 05.6 
10 06.2 09.5 04.6 04.5 02.9 05.0 00.6 06.6 04-.9 ~o~5 06~~ 15.6 09.4 03.8 03.8 
11 03.6 03.5 01.5 03.1 01.6 02.6 03.3 03.3 03.1 04.6 04.5 10.8 04.2 01.7 01.~ 
12 02.5 01.4 or.5 02.4 00.9 01.4 02.1 02.1 02.1 03.7 03.6 08.0 02.3 01.0 01.4 
SUM 78 113 62 48 40 70 91 85 60 82 87 171 10~ 46 55 
RA* 5.6 17.2 ~2.3 2.6 11.5 6.9 7.5 6.0 3.~ 2.7 3.2 3.~ 8.2 8.6 7.2 
* RATIO ET FOR JULY Tn ET FOQ JANUAPY 
....0 
(i) 
and the ratios for .July to January are alsq give~ in order to make some 
comparis ons. 
Since th~re are no directly determined values from which to 
co:mpare these results, the only comparisons that a~e made are between 
the results of the various formulas. Some judgment is necessary as to 
what :might be considered a reasonable potential evapotransp\ration for 
any month. ;For e:f{ample, one might consider a value for potential 
evapotranspiration for January of Z to 4 inches, and for July from 
8 to 13 inches to be reasollaQle. On this basis, the formulas of 
I-largreaves, Thornthwaite, Munson. Pe:r;lql~n, Quijano, and Hamon give. 
values for January ~hat are too lQw, and Grassi- .. 3a gives a value that 
is too higlt. For July, the form,ulas of Lowry-Johnson, ¥uns9n, Turc, 
and quija1fQ give val~es that are lower; and Hargreaves, Jensen anC\. 
Haise, bas'ed on Cloud coyer, G:ras~i--3a, and Papadakj,$ give values 
that are higher. 
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Comparing the twelve .,.month totals, one might consider a range 
of 70 to 90 inches to be r~asonable. On this basis, the formulas of 
Blaney-Criddle, Penman, Jeqsen and Haise, al1d Grc;l.ssi--la and 1b, 
give reasonable values. Thol"nthwaite, Lowry-Johnson, Munson, Turc, 
Quij~no, and I-!amon giv~ low va1lJ.es with a ra:p.ge of 40.3 for MUD:son 
and 62.3 for Thol"nthwaite. The form.ulas of Hargreaves, Grassi--3a, 
and Papadakis give relatively high values with totp,ls of 113, 171, and 
108, respectively. 
Only the formulas of Blaney-Criddle, Jensen and Haise, based 
on sunshine percentage, and Grassi--la and lb give values for both 
the January and July evapotrans~iration and annual evapotranspiration 
that are within the limits assumed. In addition to these formulas, 
Penman I s formula gives an annual value within the prescribed limits, 
but the January value is c;::onsidered low. 
The ratios of the evapptranspiration for July to that for January 
100 
vary from 2.6 for the Lowry-Johnson formula to 32.3 for Thornthwaite's. 
The ratios for the formulas of Hargreaves and Munson also give high 
ratios of 17.2 ancl 11. 5, respectively. 
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MODIFICA TION OF FORMULAS 
Evaporation formulas 
The fourth objective of the thesis was to modify existing formulas J 
or to develop new ones, that would better fit the data from Iraq. All 
formulas can be modified by changing one or more of the climatic factors, 
or the constants, so that the computed evaporation would be approximately 
the same as the measured evaporation. These modifications can be made 
so that the annual totals will agree, approximately. The best agreement 
might be considered to be that which will give the minimum sum of the 
absolute differences between the measured and computed evaporation. 
In order to obtain a very close fit with any of the formulas it is 
necessary to introduce a coefficient that can be represented by a sine 
or cosine function of the time of year. For example, this coefficient can 
be represented by the equation 
C M = 1. 0 + A cos [(M + B) ( 1T / 6)] 84 
in which A and B are constants and M is the number of the month. 
A coefficient of this type can readily be determined by first modifying 
other factors to obtain the best possible fit, then plotting the ratios of 
the measured evaporation to the computed evaporation against the month. 
A cosine curve can then be plotted to fit the points, approximately, and 
the constants A and B can be determined from the curve. The 
process is illustrated by showing how some of the formulas can be 
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modified to achieve a fair fit. 
The Meyer formula, Equation 3, as shown by the computed 
evaporation values and ratios which are given in Tables 2 and 3, gives 
approximately the correct values on an annual basis, but the values are 
low in winter and high in summer. For each month the ratios of the 
mean four years measured to the computed evaporation were calculated. 
These values, as plotted in Figure 13, are the reciprocals of the values 
given in Table 3. The points are low in the summer months and generally 
high during the winter months. The values for February and December are 
somewhat erratic, but since the evaporation for these months is low, 
their effect is not important. A cosine curve, for which the equation is 
K CM = 1. 16 + O. 3 cos [(M - 0.5) (7T / 6)]. 85 
fits the paints fairly well. Equation 85 was normalized by dividing each 
term on the right-hand side of the equation by 1. 16. The monthly 
coefficient is then 
C M = 1. 0 + 0.259 cos [(M - 0.5) ( 7T / 6) ] 86 
Wheri the constant 0.15 in the Meyer formula is multiplied by 1.16, the 
modified Meyer formula becomes 
Ev = O. 174 (e s - e a) ( 1. 0 + O. 1 W) C M . 87 
Based on the mean monthly climatic factors, this formula gives an 
annual value of 195. 8 inches instead of 194. 8 for the original form.ula, 
as compared with the mean measured value of 196.1 inches. The sum 
of the absolute differences between the measured evaporation and the 
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computed evaporation based on mean monthly values of the climatic 
factors is 11. 1 as compared with 25. 7 for the original Meyer forITlula. 
Other modifications, such as a change in the wind factor, might also 
improve the formula, but no attempt has been made to do this. 
The Utah formula, Equation 29, was modified by changing the 
ITlonthly coefficients to better fit the data. The original values of the 
monthly coefficients 'Nere taken from Christiansen (1960). These values 
were first multiplied by the monthly ratios of measured to computed 
evaporation and the products were plotted as was done in Figure 13. 
A curve was fitted to the points, for which the equation is 
K eM = 1. 30 1. 0 + O. 23 cos [ (M + 3) (1T I 6)] . 88 
The final modified Utah formula becomes 
. 89 
in which 
C M ::: 1.0 + 0.23 cos [(M+ 3) ('IT 16)] 
The sum of the monthly evaporation values, computed from the 
four ~year mean ITlonthly climatic factors, was 196. 3, as compared. with 
145. 1 for the original formula. The sum of the absolute differences in 
the computed and the measured monthly values is 11. 0, as compared 
with 50. 9 for the original formula. 
The Blaney-Criddle formula, with the monthly k value expressed 
by Equation 79 gives values that are approximately correct in January but 
low for the other months as given in Tables 2 and 3. For comparis on 
the evaporation was computed from the monthly k values given in 
Appendix B, Table 20, under the column heading BCKA, and also 
with k as given by Equation 80. 
An equation for k was also derived by first assuming a wind 
coefficient which is an approximate mean value of those coefficients 
shown in Figure 10. The equation obtained is 
C w = 0.60 + 0.004 W 
105 
and computing the values of k/ C W ' which will give the correct value s for 
each month. These values of k/ C w were then plotted against the mean 
monthly temperature and a line was drawn through the points. The 
equation for this line was 
k/C W = 1.63 (-0.43 + 0.021 t) 
= 1. 63 CT. 
The value of the monthly coefficient then became 
90 
91 
The evaporation was computed for each month from this value of k. 
The sum of the absolute differences for this value of k was 22.56. 
Further modification was made by applying a cosine function, 
as given by 
KMC M = 1.02 (1.0 + 0.176 cos[(M+ 1) (IT /6)J 92 
The final modified Blaney-Criddle formula is 
93 
The four-year mean values of the measured evaporation~ Ev, 
and that cOITlputed from the Blaney-Criddle forITlula using values of 
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K computed from those tabulated in Appendix B, Table 22, and Equations 
79, 80, 91, and 93 are given in Table 7. 
The computed values of Ev from the tabulated values of BCKA, 
which were first computed from the Iraq evaporation data and then 
adjusted to fit a smooth curve as shown in Figure 6 were close to the 
measured values with the absolute sum of the errors equal to 15.78. 
The sum of the absolute differences or errors for k cOll1puted from 
Equation 79 was 75.21, and that for k cOITlputed from Equation 80 
was 24. 78. For the modified formula with k as given by Equation 9, 
the sum of the errors was 22.56, and for the final modification with 
the ll10nthly coefficient, as given in Equation 94, the SUITl of the errors 
was only 9. 16. 
Evapotranspiration formulas 
Since there are no actual data with which to compare cOlllputed 
potential evapotranspiration values- one can only modify the forITlulas to 
give assumed values for selected ITlonths. 
The Blaney-;Criddle forITlula, for exaITlple, can be modified by 
computing values of k that give assuITled values of Et for the ITlonths 
of January, 3.0 inches, and July, 10.5 inches, which were the midpoints 
in the ranges of values considered reasonable. The equation for k as 
TABLE 7. COMPARISON OF EVAPORATION CO~PUTFD BY B-( FORMULA FOR DIFFFR~NT K 
MO EV EVBC+ ERR EV79* ERR EV80* ERP FV91* FRR EV93* ERR 
1 04.20 05.60 +1.40 04.20 r.oo 05.91 +1.71 ()4.64 +0.44 ()5.15 +f".Q5 
2 05.53 05.85 +.32 04.42 .... 1.11 07.08 +1.55 05.70 +.17 05.81 +.28 
3 08.77 08.77 0.00 06.92 -1.85 11.24 +2.47 09.86 +1.09 09.17 +.40 
4 13.08 12.42 -.66 09.62 -3.46 16.00 +2.92 15.19 +2.11 13.12 +.04 
5 17.65 18.68 +1.03 13.30 -4.35 22.75 +5.10 22.77 +5.12 19.12 +1.47 
6 29.95 24.86 -5.09 15.86 -14.09 31.03 +1.08 '31.76 +1.81 27.44 -2.51 
7 32.75 29.60 -3.15 17.43 -15.32 33.49 +.74 34.84 +2.09 32.40 -.35 
8 28.48 28.86 +.38 16.44 -12.04 26.93 -1.55 28.49 +.01 29.06 +.58 
9 24.72 23.10 -1.62 12.96 -1] .76 21.11 -3.61 21.77 -2.95 24.16 -.56 
10 17.08 16.91 -.17 09.63 -7.45 13.41 -3.67 13.36 -3.72 15.71 -1.37 
11 08.28 09.55 +1.27 05.83 -2.45 08.30 +.02 07.38 -2.17 08.86 +.5A 
12 05.50 06.19 +.69 04.17 -1.33 05.86 +.":36 04.62 -.88 05.43 -.07 
SUM 196.0 190.4 120.8 203.1 200.4 195.4 
SUM ASS. DIFF. 15.78 75.21 24.78 22.56 9.16 
+ EVBe = EV FROM VALUES OF K GIVEN IN T,~BLE 9. 
* EV79, EV80, EV91, AND EV93 FROM K AS GIVEN IN EQUATIONS 79, 80, 91, 93 
I-"-
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a function of t that satisfies these values is 
k = 0.43 + 0.0074 t 
and 
E t = "( O. 43 + O. 0074 t) x f ~ 94 
The Grassi formula, 3 a, based on measured evaporation can 
be modified by the same procedure to give 
Et = K Ev C T 95 
in which 
K = 0.568 
C T = 2. 115 - 0.0164 t 
The computed values of Et, based on the modified Blaney-Criddle 
formulas, and the modified Gras si formula, 3a, are given in Table 8. 
Table 8. Potential evapotranspiration computed from modified 
Blaney-Criddle and Grassi formulas 
Month B-C Grassi Month B-C Gras si 
January 3.01 3. 01 July 10.49 10.46 
February 3. 15 3.85 August 9.91 9, 17 
March 4.57 5.41 September 7.88 9.46 
April 6.21 6.80 October 6. 16 8.25 
May 8.42 7.59 November 4. 03 5. 12 
June 9.61 10.62 December 3. 07 3. 96 
Total: January through December 7'6. 51 83.70 
SUMMARY AND CONCLUSIONS 
1. The iiterature review indicated that a large nUITlber of 
forITlulas have been proposed for estiITlating evaporation and 
evapotranspiration froITl climatic data and other factors. 
2. Pan evaporation was cOITlputed froITl twelve forITlulas and 
cOITlpared with the ITleasured evaporation at Baghdad, Iraq. The 
evapo"ration was also cOITlputed from four additional versions of the 
Blaney-Criddle forITlula, with different equations for the k value. 
3. Potential evapotranspiration was cOITlputed froITl fifteen 
forITlulas. No direct cOITlparisons with potential evapotranspiration 
in central Iraq were pos sible because such data were not available. 
The results were, therefore, judged on the basis of liITlited evapo-
transpiration data on winter wheat and cotton. 
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4. An analysis of the evaporation forITlulas was ITlade to cOITlpare 
the effect of various cliITlatic factors on the cOITlputed evaporation values. 
5. The vapor transfer forITlulas gave a wider range of values 
between SUITlITler and winter- than other forITlulas . The ratio of 
measured evaporation for July to that for January was 7. 8. The vapor 
transfer forITlulas had corresponding ratios of 12 to 20. Other forITlulas 
had ratios of 4. 1 to 7. 1. 
6. The Meyer, Rohwer, and Harbeck forITlulas gave about the 
saITle annual evaporation as was ITleasured, but the ITlonthly values were 
higher in the SUITlITler and lower in the winter. 
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7. Penman's formulas gave very high values in the summer and 
slightly low values in the winter, with an annual ratio of cOITlputed to 
measu:red evaporation of 1. 53. 
8. All other formulas gave monthly values that were below the 
measured evaporation for all months. 
9. Assuming that potential evapotranspiration values for January 
of 2 to 4 inches, and for July of 8 to 13 inches, the annual values 
of 70 to 90 inches, are reasonable, only the formulas of Blaney-
Criddle, Jensen and Haise, and Grassi give reasonable values. 
10. The formulas of Lowry-Johnson, Munson, Turc, and Quijano 
gave values that were below 8 inches for July. Hargreaves', Grassi's 
3a, and Papadakis' formulas gave July values above 13 inches. 
11. For January, the formulas of Hargreaves, Thornthwaite, 
Munson, Penman, Quijano, and Hamon gave values less than 2 inches. 
12. Grassi's formula 3a, based on measured pan evaporation, 
gave results that were considered high for all months. 
13. The Meyer, Utah, and Blaney-Criddle formulas for 
evaporation were ITlodified so that they gave values for all months that 
were reasonably close to the ITleasured values. These ITlodified formulas 
are given by Equations 87, 89, and 93. 
14. The evapotranspiration formulas of Blaney-Criddle and 
Grassi were also modified to give reasonable values for all months. 
These modified formulas are given in Equations 94 and 95. 
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APPENDIXES 
Appendix A 
Computer Tables 
C C PROGRAM 1. EV BY MEYFR, ROHWER, HARBECK, KOKOULIN AND YATSfNTKOVSKII, 
C A.ND 9R,~.<;LAVSKI IANr'! VTKULTNl\ FORMULAS. 
C PREPARED BY J. ~. CHRISTIANSEN AN~ ALA AL-8ARRAK, JUNF 1964. 
2 FORMAT 
5 FORMAT 
8 FORMAT 
11 FORMAT 
15 FORMAT 
10 FORMAT 
XN = 5. 
215, F7.1, F6.2, F6.0, 7F6.2) 
2H A, 13, 5X, F7.1, F6.2, F6.0, 7F6.2 ) 
213, 2F5.1, 5X, F4.0, F3.0, 14X, F5.1, F3.0 
215, lOF6.2 ) 
2H A, 13, 5X, 10F6.21 
72X) 
DO 13 J = 1,12 
STM = 0.0 
S~!MS = 0.0 
SHUM = 0.0 
SF.V = 0.0 
S~VH9 = 0.0 
SERHB = 0.0 
SFVKY = 0.0 
SERRK = 0.0 
SEVBV = 0.0 
SERRB = 0.0 
SEVR = 0.0 
SEVM = 0.0 
SERR = 0.0 
SERM = 0.0 
3 DO 7 I = 1,5 
READ 8, MQ,JYR,TMX(,TMIC,W,HUM,EV,XM 
XMO = MO 
PC =.79 + .17 * COS (eXMO + 1. ) * 3.1416 / 6. ) 
TM = ( TMX( + TMIC ) * .9 + 32. 
WMPH = W / 24. 
1f.JMS = .01863 * W 
XTM = 17.765 - 9576. / ( TM + 459.7 ) 
VPIN = EXPF ( XT~ ) 
~ 
~ 
....0 
C PROGRAM NO.1. CONTINUED 
VPDIN = VPIN*C 1. - .01 * HUM) 
VPDMB = VPDIN * 33.85 
VPDMM = VPDI~ * 25.4 
EVHB = .0024 * WMPH * VPDMR * XM / PC 
fRHB = EVHB - EV 
RAHB = EVHB I fV 
A = .203- .003 * HUM + .0000144 * HU~ * HUM 
XK = .447 + .00067 * HUM + .0002 * HUM * HUM 
EVKY = A * VPD~M* 1. + XK * WMS ) * XM * .0~q~7 / PC 
EVBV = .13 * VPDMM * (1. + .72 * WMS ) * XM * .03937 / PC 
ERKY = FVKY - EV 
ERBV = EVBV EV 
RAKY = EVKY I EV 
RA--SV = EV8V I EV 
EVR = .909 * VPDIN * ( .44 + .118* .0526 * WMPH ) * XM 
ERR = EVR - EV 
REVR = EVR / EV 
EVM = 15. * VpnIN * ( 1. + .1*WMPH 1 
ER"-1 = FVM - F.V 
REVM = FVM / EV 
STM = STM + TM 
SWMS = SWMS + WMS 
SHUM = SHUM + HUM 
SEV = SEV + EV 
SEVH8 = SEVHB + EVHB 
SERH9 = SERHB + ABS(ERHP) 
SEVKY = SEVKY + EVKY 
SEVBV = SEVBV + EVRV 
SERRK = SERRK + A8S ( ERKY 
SFRR8 = SERRe + ASS ( FRAV 
SFVR = SFVR + FVR 
SERR = SERR + ABS(FRR) 
SEVM = SFVM + FVM 
.--.. 
N 
o 
C PROGRAM NO.1. CONTINUED 
SERM = SFRM + ARS(~RM) 
PUNCH 11, MO,JYR,EV,EVHB,ERHB,RAH8,FVR,ERR,PEVR,EVM,ERM,REVM 
7 PUNCH 2, MO, JYR,T~,WMS,HUM,EV,EVKy,FRKy,RAKy,EVBV,ERBV,RABV 
ATM = STM / XN 
AWMS = SWM5 t XN 
AWMPH= AWMS I .4471 
AHUM = SHUM I XN 
AEV = SEV I XN 
AEVHB ::: SEVHB I XN 
ARAHB ::: SfVHB t SFV 
AERHB ::: SERHB I XN 
AEVK ::: SFVKY / XN 
A~RK = ~FRRK / XN 
ARAK::: SEVKY / SEV 
AFVR = SFVRV I XN 
AERB ::: SERRR / XN 
ARAB = SEVBV I SEV 
AEVR ::: SEVR I XN 
AEVM = 
AERR = 
AERM ::: 
ARAR ::: 
ARAM = 
PUNCH 
PUNCH 
PUNCH 
13 PUNCH 
STOP 
END 
SEVM / XN 
SERR I XN 
SERM I XN 
~FVR I SEV 
SEVM I SFV 
10 
15, MO,AEV,AFVHP,AFRHR,ARAHR,AFVR,AFRR,ARAR,AFVM,AFRM,ARAM 
10 
5, MO,ATM,AWMS,AHlIM,AFV,AEVK,AFRK,ARAK,AFVB,AFRR,ARAR 
...... 
N 
...... 
C C PROGRAM 2. TO COMPlJTF FT BY PAPADAKIS, QUIJANO, AND HAMON FnRMULA~. 
C PREPARED BY J.E. CHRISTIANSEN AND ALA AL-BAPRAK, JUNE 1964. 
5 FORMAT 2H A, 13, 5X, 2F8.1, F6.0, F8.2~ F8.1, 3F8.2 ) 
8 FORMAT 213, 2FS.1, 9X, F3.0, 19X, F3.0, F5.2, 12X, F3.1 
9 FORMAT ( 215, 2F8.1, F6.0, F8.2, FR.1, 3F8.2 ) 
10 FORMAT (72X) 
XN = 5. 
DO 13 J:: 1,12 
STMC = 0.0 
STM = 0.0 
SHUMN= 0.0 
SETP = 0.0 
SfTQ = 0.0 
SETH = 0.0 
3 DO 7 I = 1 ,15 
READ 8 , MO, JYR, TMXC, TMIC, HUM~ XM, DTPB, F 
TMC = ( TMXC + TMIC ) / 2. 
TM = T~C * 1.8 + 32. 
TMX = TMXC * 1.8 + 32. 
HUMN = 1. + O.4? * HUM + 0.004 * HUM*HU~ 
XTMX = 17.765 - 9576. / ( TMX + 459.7 ) 
VPSTX = FXPF ( XTMX ) 
VPSXM = VPSTX * 33.86 
VPDMB :: ( 1. - .01 * HUMN ) * VPSXM 
ETP = .2215 * VPDMB 
ETG = F * TMC / 25.4 
XT~ = 17.765 - 9576. / ( TM + 45q.7 ) 
VPIN = EXPF ( XTM ) 
VPMM = V~IN * 25.4 
DH = ( DTPS / 8.333 ) + .03 
PTH = ( .472 + .9856 * VPMM - .00128 * VPMM * VPMM ) / 100. 
ETH = .55 * DH * DH * PTH * XM 
STMC = STMC + TMC 
STM = STM + TM 
....... 
N 
N 
C PROGRAM NO.2. CONTINUED 
SHUMN= SHUMN+ HUMN 
SETP = SETP + ETP 
SETQ = SETQ + Fro 
SFTH = SFTH + FTH 
7 PUNCH 9, MQ, JYR, TMC, TM, HU~N, DTPB, F, ETP, ETQ, ETH 
AiMC = STMC I XN 
ATM = STM I XN 
AHUMN = SHUMN I XN 
AETP = SETP I XN 
AETO = S£TQ I XN 
AETH = SETH IXN 
PUNCH 10 
PUNCH 5, MO,ATM(,ATM,AHUMN, DTPR,F,AETP,AETQ,AETH 
13 PUNCH 10 
STnp 
END 
...... 
N 
(J.) 
C C PROGRAM 3. TO COMPUTE EVAPORATION AND EVAPOTRANSPIRATION RY PENMAN 
C EQUATION, AND TO COMPARE COMPUTFD AND MFASURF~ EVAPORATION VALUFS. 
C PREPARED RY J. E. CHRTSTIANSEN AND ALA AL-RARRAK, JUN~ 1964. 
5 FORMAT 
6 FORMAT 
8 FORMAT 
9 FORMAT 
215, 2F6.1, F6.0, 7F6.2) 
48X, F6.1, F6.2 ) 
(2I3, 2F5.1, F5.0, F4.0, F3.0, FS.l, 9X, F5.1, F3.0 ) 
( 2H A, I3,5X, 2F6.1, F6.0, 7F6.2 ) 
10 FORMAT (72X) 
XJ = 5. 
Dn 1"1 J = 1,12 
STM = O. 
SRA.f')P = n. 
sw = o. 
SHUMP = 0.0 
SSUNP = 0.0 
SETP = O. 
SEV :: O.D 
SEVP = 0.0 
SERP = 0.0 
3 DO 7 1 = 1,5 
READ 8, MO, JYR, Tfv1XC, TMIC~ RAD, W, HUM, SUN, EV, XM 
14 SUNP = .01 * SUN 
RA~P = .254*RAO / XM 
HUMP = .01 * HUM 
TM = ( TMXC + TMIC ) * .~ + 32. 
XTM = 17.765 - 9576. / ( TM + 459.7) 
VPIN = EXPF ( XTM ) 
VPMM = VPIN * 25.4 
A = RADP* .75 *( 0.18+.55 * SUNP) 
B = 8.83 + .06375 * TM + .0003625 * TM * TM 
C = ( .S6-.092*(VPMM*HUMP)**.5)*C.l +.9 *SUNP 
H = A-R*C 
EAP = O.35*(1.-HUMP) * VPMM ) * ( 1. + .0098*W 
XMO = MO 
...... 
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C PROGRAM NO.3. CONTINUED 
PC =.79 + .17 * COS (eXMO + 1. ) * 3.1416 / 6. ) 
EVP = EAP * XM I ( 25.4 * PC ) 
DEL:: VPMM * 9576. / «( TM + 459.7)**2.) 
ETP = t DEL*H + .27*FAP ) / ( DFL + .27 ) 
ETPIM :: fTP * XM / 2~.4 
ERRVP = FVP - EV 
RATVP = EVP / EV 
STM :: STM + TM 
SRADP :: SRADP + RADP 
s-w = sw + W 
SHUMP :: SHUMP + HUMP 
SSUNP = SSUNP + SUNP 
SETP :: SETP + ETPIM 
SEV :: SFV + EV 
SEVP = SEVP + EVP 
SERP = SFRP + ABSCFRRVP) 
7 PUNCH 5, MO, JYR,TM,RADP,W,HUMP,SUNP,ETPIM,EV,EVP,ERRVP,RATVP 
ATM :: STN' I XJ 
ARADP :: SRADP / XJ 
AW :: SW / XJ 
AHUMP :: SHUMP I XJ 
ASUNP = SSUNP I XJ 
AETP = SETP / XJ 
AEV = SEV / XJ 
AEVP = SEVP / XJ 
AERP = SERP / XJ 
ARATP = SEVP / SEV 
PUNCH 10 
PUNCH 9, MO,ATM, ARADP,AW,AHUMP,ASUNP,AETP,AFV,AFVP,AERP,ARATP 
13 PUNCH 10 
STOP 
END 
...... 
N 
U1 
C C PROGRAM 4. TO CONVERT EVAPORATION DATA TO STANDARD FORMAT 
C PRFPARED BY J. E. CHRISTIANSEN AND ALA AL-RARRAK. JUNE 1964. 
40 FORMAT (13, 12, 2F6.1, F5.D, 2F4.0, F6.2, 4F5.2, F5.l) 
READ, N 
DD 6 0 J -= 1, N 
READ, MO, JYR, TMXC, TMI(, RAD, W, HUM, SUN, CLC, pp, EV 
TM :: (TMXC + TMIC) * .9 + 32. 
TMX = TMXC * 1.8 + 32. 
RAT) = ."O! * RAn 
w = .~~ * \,,1 
HUM = 4.+ D.45 * HUM + 0.005 * HUM * HUM 
I F {MO - 1) 2 2, 1, ? 2 
1 eMU = 1.06 
CMC :: 0.99 
CMP :: 1.10 
CCM = 4.17 
GO iO 60 
22 If' f MO - 2 1 2'3, 2, ? 3 
2 eMU = 1.00 
CMC -= n .q(, 
CMP = 1.08 
CCM = 4.59 
GO TO 60 
2 3 I F ( MO - 3) 24, '3, '24 
3 CMU = 0.96 
(Me = {).94 
CM-P = 1.03 
ceM = 6.57 
GO TO 60 
24 IF (MO - 4) 25, 4, 25 
4 Ct-.1U = 0.94 
(Me = O.Q3 
Cf'...4P = 0.98 
ceM = 7.38 
..... 
N 
'" 
( PROGRAM NO.4. CONTINUED 
GO TO 60 
25 IF (MO - 5) 26, 5, ?6 
5 CMU = 0.93 
(MC = 0.94 
(MP = 0.94 
(CM = 8.65 
GO TO 60 
26 IF (MO - 6) 27, 6, 27 
6 eMU = 0.96 
Ctv1C = -0.96 
CMP = 0.91 
ceM = 8.55 
GO TO 60 
27 IF (MO - 7) 28, 7, 28 
7 CMU = 0.99 
(MC = 0.99 
CMP = 0.90 
CCM = 8.86 
GO TO 60 
28 IF (MO - 8) 29, 8, 29 
8 eMU = 1.05 
CM-<: = 1.06 
CMP = 0.93 
(eM = 8.2C; 
GO TO 60 
?9 IF (MO - 9) 30, 9, 30 
9 eMU = 1.09 
(MC = 1.06 
CMP = 0.97 
((M = 6.95 
GO TO 60 
30 IF (MO - 10) 31, 10, 31 
1 0 C ~", U = 1. 1 2 
...... 
N 
-.l 
C PROGRAM NO.4. CONTINUED 
CMC = 1.05 
CMP = 1.07 
CCM = 6.04 
GO TO 60 
31 IF (MO - 11' 12. 11, 1? 
11 (MU = 1.12 
(MC = 1 .. 02 
CMP = 1.06 
(eM = 4.47 
GO TO 60 
12 eMU = 1.10 
CMC = 1.00 
CM-P = 1.04 
CC"'1 = 3.83 
60 PUNCH 40,MO,JYR,TM,TMX,W,HUM,SUN,RAD,CMU,CMC,CMP,CCM,EV 
STOP 
END 
...... 
N 
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C C PROGRAM 5. EV RY UTAH, CHRISTIANSEN, PATIL, AND MATHISON FORMULAS. 
C PREPARED BY J. f. CHRISTIANSEN ANO ALA AL-RARRAK, JUN~ 1964. 
DIMfNSION SUM(20)~AVG(20) 
2 FORM,~T ( !5, 14, 2F7.1, '3F7.{), 4F7.2 ) 
4 FORMAT (Y5,I3,9F7.?' 
6 FORMAT (72X) 
10 FORMAT ( 2H A, 13, 4X, 2F7.1, 3F7.D, 4F7.2 ) 
11 FORMAT (2H A, 11, 3X, 9F7.2 ) 
40 FORMAT (I3~ 12, 2F6~1, F5.0, 2F4.0, F6.2, 4F5.2, F5.1) 
ELEV = 1.30 
XN = 5. 
5 DO 7 I=3,20 
7 SUM(I)=O.O 
DO 3 J=l,~ 
1 READ 40,MO,JYR,TM,TMX,WIND,HUM,SUN,RAD~CMU,CMC,CMP,CCM,EVAPA 
WIN~ = 1.875 * WINn 
CTU=-.OQ5+.0161*TM 
CWU=.650+.0058~*WIND 
CHU=I.106-.00340*HUM 
CSU=.560+.0~575*SUN 
EVAPU=O.470*RAD*CTU*CWU*CHU*CSU*CMU 
ERRU=EVAPU--EVAPA 
RATU=EVAPU/EVAPA 
CTC=.0147*TM 
CWC=.676+.0054*WIND 
CSC=.560+.0055*SUN 
CHC=1.288-.0072*HUM 
CEC=.925+.0015*fLEV 
EVAPc=n.49n*RAD*CTC*CWC*CSC*CHC*C~C*CM( 
ERRC=EVAPC-FVAPA 
RATC=EVAPC/EVAPA 
CTP=-.000204*TM*TM+O.04628*TM-l.20374 
CWP=-.0000047*WIND*WIND+.003854*WIND+.7859 
CSP=.0000136*SUN*SUN+.005679*SUN+.4585 
...... 
N 
'" 
C PROGRAM NO.5. CONTINUED 
CHP=-.0000045*HUM*HUM-.00336*HUM+l.1414 
CEP=O.936+0.00351*ELEV-O.0000156*ELEV*ELEV 
EVAPP=O.530*RAD*CTP*CWP*CSP*CHP*CEP*CMP 
ERRP=EVAPP-EVAPA 
RATP=EVAPP/EVAPA 
TDIF=(TMX-TM1*2.~ 
CTM=-.26+.0242~*TM-O.00n07~*TM*TM 
(WM=.80+.0035*WIND-.onon027*WIND*WIND 
CTDM=n.450+0.96F.-03*TDIF*T~IF-O.276E-06*TDIF**4 
CS~=O.622+0.005875*SUN-0.000011*SUN*5UN 
CE~=.967+.0035*ELEV-.0000156*ELEV*ELEV 
EVAPM=CCM*CTM*CWM*CTDM*CSM*CEM 
ERRM=EVAPM-EVAPA 
RATM=EVAPM/EVAPA 
SUM(3)=SUMC3)+TM 
SUM(41=SUM(4)+TMX 
SUM(5)=SUMC5l+WIND 
SUM(6)=SUM(6l+HUM 
SUM(7)=SUM(7)+SUN 
SUM(B)=SUMCA)+EVAPA 
SUM(9)=SUM(9l+EVAPU 
SUM(10)=5UM(lO)+A8S(ERRU) 
SUM(ll)=SUM(ll}+RATU 
SUM(12)=SUM(12)+EVAP( 
SUM(13l=SUM(13'+ABSCERRC} 
SUM(14)=SUM(14)+RATC 
SUM(15)=5UM(15)+EVAPP 
SUM(16)=SUM(16)+ABS(ERRP) 
SUM(17)=SUM(17)+RATP 
SUM(18)=SUM(18)+FVAPM 
SU~(19)=SUM(lq)+AR.S(FRRM) 
SU M(20)=5UM(20)+RATM 
PUNCH 2,MO,JYR,TM,TMX,WINO,HU M,5UN,FVAPA,EVAPlJ,FRRU,RATU 
...... 
VJ 
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C PROGRAM NO.5. CONTINUFD 
3 PUNCH 4,MO,JYR,EVAPC,ERRC,RATC,FVAPP,FRRP~RATP,EVAPM,FRRM,RATM 
ATM = SUM(3) I X~ 
ATMX = SUM(4) I XN 
AW = SUM (5) I XN 
AH = SU~ (6) I X~ 
AS = SUM (7) I XN 
AEV = SUM (8) / XN 
AEVU = SUM (9) I XN 
AERU = SUM (10) I XN 
ARATU = SUM (9) I SU~ (8) 
,AFvr = SUM (1?) I XN 
AERC = SUM (13) I XN 
ARATC = SUM (12) I SUM iA) 
AEVP = SUM (15) I XN 
AERP = SUM (16) I XN 
ARATP = SUM (15) I SUM (81 
AEVM = SUM (18) I XN 
AERM = SUM (19) I XN 
ARATM = SUM (18) / SUM (8) 
PUNCH 6 
PUNCH 10, MO,ATM,ATMX,AW,AH,AS,AEV,AEVU,AERU,ARATU 
PUNCH 6 
13 PUNCH 11, MO,AEVC,AERC,ARATC,AFVP,AFRP,ARATP,AFV~,AFR~,ARATM 
GO TO 5 
STnp 
END 
~ 
v.> 
...... 
C C PROGRAM 6. TO COMPUTE FT RY JFNc:.FNAt\lf) HATSF, TURC, ANf"I C;R.~.-c,~r FORM!lLAS. 
C PREPARED RY J. F. CHRTSTTA~lc:,Ff\l .Ar..lf', ALA "L-RL\PRAK, Jt1NF 1q64. 
8 FORMAT 
5 FORMAT 
6 FORMAT 
213, 2F5.1, F5.0, 7X, F5.1, F4.1~ 5X, F5.1, F3.0 ) 
215~ F6.1, F6.2, 2F6.1, 6F6.2 ) 
10 FORMAT 
XN = 5. 
( 2H A, 13, 5X, F6.1, F6.2, 2F6.1, 6F6.2 ) 
(72X) 
DO 1'3 J = 
STM = 0.0 
SSUN = 0.0 
SCLC = 0.0 
SfTGM = D.O 
SETGV = 0.0 
SFTGF = o.n 
SFTJC = 0.-0 
SETJ5 = 0.0 
SETPT -= 0.0 
1,12 
3 DO 7 I = 1,5 
READ 8, MO,JYR,TMXC,TMIC,RAD,SUN,CLC,EV,XM 
TMX = TMXC * 1.8 + 32. 
TMC = ( TMXC + TMIC ) / 2. 
TM = ( TMXC + TMTC ) * .9 + 32. 
TD = TMX - TM 
RAD = RAIJ / 100. 
RADD = RA.D I XM 
RO = ( .807 * RAD ) I x~ 
RSS = RO * ( .35 + .0061 * SUN ) 
RSC = RO*( 1. - .085 * CL( ) 
ETJHC = ( .014 * TM - .37 ) * RSC * XM 
ETJHS = ( .014 * TM - .37 ) * RSS * XM 
TIM = { TMC / 5. ) * * 1.514 
CLC= 1.25 * CLC 
CR = 0.1824 + 1.46 * RADD 
(T = .03637 + .0219 * TM - .00011364 * TM * TM 
...... 
W 
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C PROGRAM NO.6. CONTINUED 
CClC = 1.15 - 0.05 * Clf 
CTD = .9361 + .004261 * Tn 
(TEV = 1.754 - .01109 * TM 
CTve = .~2 + .01 * TM 
ETG~ = .2346 * CR * (ClC * CT * CTO * XM 
ETGV = .2319 * CR * CCLC*CTVC * X~ 
ETGE = 1.r65 * EV * CTEV 
RADT = 1485.6 * RAO* (.18 + .0062 * SUN) / XM 
ETPT = .4 * T~C * ( RADT + 50. ) / (1 TMC + 15. ) * 25.4 ) 
STM = STM + Tfv1 
SSUN = SSUN + SUN 
SClC = SCLC + ~lC 
SETGM = SETGM + ETGM 
SETGV = SETGV + ETGV 
SFTGE = ~FTGE + FTGf 
SETJC = 5ETJC + FTJHC 
S~TJS = SfTJS + FTJHS 
S~TPT = ~FTPT + fTPT 
7 PUNCH 5, MO,JYR,TM,RAD,SUN,ClC,ETGM,ETGV,ETGE,ETJHC,ETJHS,FTPT 
ATM = STM / XN 
ASUN = SSUN / XN 
AClC = SCLC /XN 
AETGM = SETGM / XN 
AETGV = SETGV I XN 
AETGE = SETGE I XN 
AETJC = SETJC / XN 
AETJS = SETJS / XN 
AETPT = SETPT / XN 
PUNCH 10 
PUNCH 6, MO,ATM,RAD,ASUN,AClC,AETGM,AETGV,AFTGF,AFTJC,AFTJS,A~TPT 
13 PUNCH 10 
STOP 
END 
...... 
vv 
vv 
C C PROGRAM 7. TO COMPUTE ANNUAL HEAT INnfX, TIY, FOR THORNTHWAITE 
e METHOD AND ANNUAL EFFECTIVE HEAT, FY, FOR LOWRY-JOHNSON METHOD. 
e PREPARED BY J. E. CHRISTIANSEN ANO ALA AL-RARRAK, JUNE 1964. 
3 FORMAT 213, 2F5.1, F5.0, 26X , F3.0, F5.2 ) 
4 FORMAT 215, 3F10.1, FIO.2 ) 
5 FORMAT 50X, FI0~1, FIO.2 ) 
6 STIM = 0.0 
SUMFM = 0.0 
N = 12 
f) () 1 '" J = 1, ~1 
READ " MO, JYR, TMXC, TMIC, PAD,XM, DTPR 
TMC = ( TMXC + TMTC ) / 2. 
TIM = ( TMC I 5. ) * * 1.514 
TMX = TMXC * 1.8 + 32. 
TMXLJ = TMX - 32. 
FM = ( TMXLJ * XM ) / 1000. 
SUMFM = SUMFM + FM 
FY = SUMFM 
STIM = STIM + TIM 
TlY = STIM 
10 PUNCH 4~ MO, JYR, TMX, TMC, TIM, FM 
PUNCH 5, TTY, FY 
GO TO 6 
STOP 
Ft\lf') 
....... 
lJ.J 
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C C PROGRAM 8. TO COMPUTF ET RY LOWRY-JOHNSON, THORNTHWAITE, ANO MUNSON 
C MFTHODS. 
C pqFPARFD RY J. E. CHRTSTTAN5fN ANn ALA AL-RARPAK, J"NF 1964. 
C TA = ( .675E-6)*TI**3 -(.771E-4)*TI*TI +.01792*T1 + .4q?4 
3 FORMA.T 
5 FORMAT 
7 FORMAT 
10 FORMAT 
XI\1 = 5. 
213, 2F5.1, 31X, F3.n, F5.2, 15X, F2.1 
2H A, 13, 5X, 2F6.1, 2F8.1, 3F8.2 , 
215, 2F6.1, 2F8.1. 3F8.2 ) 
(72X) 
Dn 1~ J = 1,12 
T.4. = 3. 
TI = 130. 
FY= 2c).4 
STtvl = n.o 
STMX = 0.0 
STIM = 0.0 
SFM = 0.0 
SETPT = 0.0 
SETML = 0.0 
SETM = 0.0 
DO 6 I = 1,5 
READ 3, MQ, JYR, TMXC, T~IC, XM, DTPB, PER 
TMX = TMXC- * 1.8 + 32. 
TM = ( T~XC + T~IC ) * .9 + 32. 
TMXLJ = TMX - ~2. 
FM = ( TMXLJ * XM ) I 1000. 
TMC = ( TMXC + TMIC ) I 2. 
TIM = ( TMC I 5. ) * * 1.514 
TDS = ( DTPB I 8.333 ) + 0.03 
ETYLJ =(0.8 + 0.156 * FY) * 12. 
ETMLJ = ( FM I FY ) * ETYLJ 
ETPT = (1.6*([10. * TMC) I TI)**TA / 2.54 
ETPTA = ETPT * TDS 
ETM = .014 * ( TM - 10.) * PER ** .9 
....... 
VJ 
U1 
C PROGRAM NO.8. CONTINUED 
STM = STM +TM 
STMX = STMX + TMX 
SlIM =-STIM + TIM 
SFM = SFM + FM 
SETPT = SETPT + ETPT 
SETML = sET~L + ETMLJ 
SETM = SETM + ETM 
6 PUNCH 7, MO, JYR, TM, TMX, TIM, FM, ETPTA, FTMLJ, ETM 
ATM = STM / XN 
ATMX = STMX / XN 
ATIM = STIM / XN 
AFM = SFM I XN 
AETPT = SETPT / XN 
AETML = SETML / XN 
AETM = SETM / XN 
PUNCH 10 
PUNCH 5, MO,ATM,ATMX,ATIM,AFM,AETPT,AETML,AETM 
13 PUNCH 10 
STOP 
END 
..... 
VJ 
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C C PROGRAM 9. FOR COMPUTING ET AND EV BY BLANEY-CRIDDLE FOR~ULA, 
C AND TO COr"PARE COMPUTED AND MEASURED EVAPORATION VALUES. 
C PREPARED BY J. E. CHRISTIANSEN AND ALA AL-BARRAK, JUNE 1964. 
5 FORMAT (215, F6.1, 9F6.2 ) 
6 FORMAT ( 2H A, I3,5X, F6.1, 9F6.2 ) 
8 FORMAT (2I3, 2F5.1, 26X, F5.1, 3X, F5.?, 2F4.n , 
10 FORMAT ( 72X~ 
XN = 5. 
DO 13 J = 1,12 
STM = 0.0 
SFBC = 0.0 
SETBC = 0.0 
SEV = 0.0 
SEVBC = 0.0 
SERE\1 = 0.0 
S8CKV = 0.0 
3 DO 7 I = 1 , c; 
READ 8~ MO,JYR,TMXC,TMIC,FV,DTPR,~VRK,FTRK 
BCKEV = .2 +.0178* TM 
T M-= (T M X C + T M Ie) * • 9 + 3 2 • 
FRC = TM ~ nTPS / 100. 
ET8K = ET8K/IOO. 
ETBC = FTSK * FBC 
EVBC = BCKEV* FBC 
EREV = EVSC - EV 
RATEV = EV8e / EV 
STM.-= STM + TM 
SFBC = SFBC + FRC 
SETBC = SFTBe + ET~C 
SFV = SEV + FV 
SEVBC = SEVRC + EVRe 
SEREV = SFREV + ABS(FR~V 
SBCKV ~ SBCKV + BCKEV 
7 PUNCH 5, MO,JYR,TM,DTPB,FBC,ETBK,ETB(,EV,ACKEV,EVBC.EREV,RATEV 
...... 
vv 
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C PROGRAM NO.9. CONTINUFD 
AT~ : STM / XN 
AFBC = SFBC / XN 
AETBC = SETBC / XN 
AEV~= SEV / XN 
AEVBC = £EVBC / XN 
AEREV = SEREV / XN 
ARATV = SEVBC / ~EV 
ABCKV : SBCKV / XN 
PUNCH 10 
PUNCH 6, MO,AT~, DTPB,AF~C, 
13 PUNCH 10 
STOP 
END 
~TRK,A~TRC,A~V,AR(KV,A~VBC,AERFV,ARATV 
...... 
v.> 
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C C PRGGRAM 10. TO COMPUTE EVAPORATION AND EVAPOTRANSPIRATION BY HARGREAV~S 
C FORMULA, AND TO COMPARE COMPUTED AND MEASURED EVAPORATION VALUES. 
C PREPARED BY J. E. CHRISTIANSEN AND ALA AL-BARRAK, JUNF 1964. 
8 FORMAT ( 213, 2F5.1, 9X, F3.0, 14X, F5.1, 3X, F5.2, 3F4.0 ) 
5 FORMAT ( 2H A, I3, 5X, 3F6.1, F6.0, 2F7.2, 4F6.2 ) 
2 FORMAT (215, 3F6.1, F6.0,2F7.2, 4F6.?) 
10 FORMAT (72X) 
XN = 5. 
DO 1'3 J = 1~12 
STMX = 0.0 
STMI = 0.0 
STM = C).O 
SHUMN = 0.0 
SETH = 0.-0 
SEV ~ 0.0 
SEVAH = 0.0 
SERRV = 0.0 
3 DO 7 I = 1,5 
READ 8, MO, JYR, TMXC, TMIC, HUM, EV ,DTPB, FV8K, ET8K, HK 
TMX = TMXC * 1.8 + 32. 
TM! = TMIC * 1.8 + 32. 
TM = (T~XC + TMIC) * .9 + 12. 
HUMNH = 1.+ 0.42 * HU~ + 0.004 * HUM * HUM 
EVAPH=0.38*{1.0-0.Ol*HUMNH)*CTM-12.0)*DTPB/8.31333 
ETH = EVAPH * HK / 100. 
ERRVH = EVAPH - EV 
RATVH = EVAPH I EV 
STMX = STMX + T~X 
STMI = STMI + TMI 
STM = STM + TM 
SHUMN = S8UMN + HUMNH 
SETH = SETH + ETH 
SEV = SEV + EV 
SEVAH = SFVAH + FVAPH 
...... 
vv 
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C PROGRAM NO. 10. CONTINUED 
SERRV = SERRV + ARS(ERRVH) 
7 PUNCH 2, MO,JYR,TMX,TMI,TM,HUMNH,DTPB,ETH,FV ,EVAPH,FRRVH,RATVH 
,A, TMX = S TMX / XN 
ATMI = STMI / XN 
ArM = STf'v1 / XN 
AHUMN = SHUMN I XN 
AETH = SETH / XN 
AEV = SEV / XN 
AEVAH = SEVAH / XN 
AERRV = SERRV / XN 
ARATV = SEVAH / SEV 
PUNCH 10 
PUNCH 5, MO,ATMX,ATM1,ATM,AHUMN, nTP8,AFTH,AEV ,AFVAH,AERRV,ARATV 
13 PUNCH 10 
STOP 
END 
C C PROGRAM 11. FOR COMPUTING MONTHLY K VALUES FOR BLANEY-CRIDDLE FORMULA. 
C PREPARED BY J. E. CHRISTIANSEN AND ALA AL~BARRAK, JUNE 1964. 
6 FORMAT ( 213, 2F5.1, 26X, F5.l,3X, F5.2) 
9 FORMAT ( 215, 2F14.1, 2F14.? ) 
READ, N 
DO-5 J= I,N 
READ 6, MO, JYR, T~XC, TMIC, EV, DTPP 
TM = ( TMXC + T~IC ) * 0.9 + 32. 
BCK = EV / ( TM * DTPB / 100. ) 
5 PUNCH 9, MO, JYR, TM, EV , DTPB, BCK 
STOP 
END 
...... 
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Appendix B 
Tables 

( 
TABLE 9. DATA ARRANGED BY MONTHS 
MO YR TMXC TMIC RAD W HUM SUN CLC PP EV M DTPB EVBKETBK HK FPER 
1 57 15.2 02.4 0995 166 67 60.6 3.5 0.48 04.9*11 7.20 l~O 058 035 2110 
1 58 16.3 05.8 0995 111 77 51.2 4.4 2. Q ? 0?8 31 7.20 150 058 03~ 2110 
1 59 18.5 04.9 0995 111 58 66.6 2.7 0.18 04.3 31 7.20 150 058 035 2110 
1 60 19.2 06.0 0995 166 67 75.5 2.6 1.11 04.8 31 7.20 150 058 O~5 2110 
1 61 15.0 05.2 0995 138 78 75.4 3.7 2.26 07.6 31 7.20 150 058 035 2110 
2 ~1 19.9 06.3 1123 249 63 74.8 2.8 2.03 07.1 28 6.97 155 066 041 2118 
2 ~8 19.1 04.1 1123 111 59 86.4 1.9 0.27 05.4 28 6.97 155 066 041 2118 
2 59 15.0 02.5 1123 111 53 66.9 3.3 0.41 04.0 28 6.97 155 066 041 2118 
2 60 23.2 08.3 1123 193 52 75.5 3.1 0.40 05.6 2~ 6.97 155 066 041 2118 
2 61 18.1 07.6 1123 166 67 78.5 2.7 2.02 08.5 28 6.97 ]~5 066 041 2118 
3 57 22.5 11.3 1529 221 63 50.0*4.5 2.32 08.5 3] R.~7 167 070 046 2732 
3 58 26.3 11.4 1529 193 45 74.0 3.0 0.13 09.7 11 8.17 167 070 046 2732 
3 59 22.7 09.2 1529 111 52 67.6 3.4 1.11 07.6 31 8.37 167 070 046 2732 
3 60 22.9 10.2 1529 166 49 65.1 3.3 0.52 09.3 31 8.37 167 070 046 2732 
3 61 20.7 07.8 1529 221 51 65.0 2.6 0.71 09.2 31 8.37 167 070 046 2732 
4 57 27.4 14.3 1738 166 61 64.2 4.2 2.87 10.0 30 8.76 194 088 062 3444 
4 58 32.4 16.~ 1738 193 31 75.4 3.5 0.00 16.2 30 8.76 194 088 062 3444 
4 59 31.8 16.6 1738 138 42 69.2 3.3 0.98 13.9 30 8.76 194 088 062 3444 
4 60 29.2 16.5 1738 166 42 52.7 3.5 0.14 08.5 30 8.76 194 088 062 3444 
4 61 28.5 15.2 1733 221 52 52.7 3.5 2.00 12.2*30 8.76 194 088 062 3444 
....... 
I.f:>. 
w 
TABLE 9. CONTINUED 
MO YR T~XC TMI( RAD W HUM SUN CLC PP EV M DTPB EVBKETBK HK FPFR 
5 57 32.6 18.4 1967 193 50 71.1 3.8 1.12 15.3 31 9.62 235 112 080 4358 
5 58 38.1 21.9 1967 166 25 85.5 2.5 0.00 21.0 3J q.62 235 112 080 4358 
5 59 35.9 21.1 1967 138 38 74.1 2.7 2.90 21.2 31 9.62 235 112 080 4358 
5 60 38.5 22.3 1967 138 27 68.2 2.7 0.00 11.0 31 9.62 235 112 080 4358 
5 61 36.3 20.6 1967 249 30 68.0 1.8 0.00 13.1 31 9.62 2~5 112 080 4358 
6 56_41.5 22.6 1966 276 20 87.9 0.1 0.00 33.0 30 9.59 285 122 080 5160 
6 57_41.4 24.3 1966 221 27 88.7 0.9 0.00 25.9 30 9.59 285 122 080 5160 
6 58 41.2 24.4 1966 193 24 87.0 0.6 0.00 29.4 30 9.59 285 122 080 5160 
6 59 41.3 25.3 1966 221 22 76.6 0.6 0.00 31.5 30 9.59 285 122 080 5160 
6 60 41.6 24.9 1966 193 24 72.9 0.4 0.00 13.9 30 9.59 285 122 080 5160 
7 56 45.2 25.5 1993 221 20 87.0 0.1 0.00 36.6 31 q.77 320 12q 080 5668 
7 ~7 44.3 25.2 1993 193 25 91.5 0.0 0.00 28.0 31 q.77 320 129 080 5668 
7 58 43.7 25.8 1993 221 21 84.2 0.2 0.00 34.8 31 9.77 320 129 080 5668 
7 59 42.4 26.4 1993 249 24 62.4 0.6 0.00 31.6 31 9.77 320 129 080 5668 
7 60 44.5 26.9 1993 193 23 68.7 0.5 0.00 14.9 31 9.77 320 129 080 5668 
8 56 44.7 25.9 1856 111 26 80.0 0.5 0.00 32.0 31 9.27 330 128 080 5661 
8 ~1 45.3 24.9 1856 166 26 89.2 0.2 0.00 27.2 31 9.27 330 128 080 5661 
8 58 45.2 25.0 1856 138 22 91.5 0.0 0.00 30.6 31 9.27 330 128 080 5661 
8 59 42.6 24.8 1856 221 24 81.8 0.0 0.00 30.6 31 9.27 3~0 128 080 5661 
8 60 43.7 25.6 1856 166 22 83.8 0.2 0.00 25.5 31 9.27 330 128 080 5661 
I-'-
~ 
~ 
TABLE 9. CONTINUED 
MO YR TMXC TMIC RAD W HUM SUN CLC pp EV ~ DTPB FVBKFTBK HK FPER 
9 56 40.0 20.9 1571 166 24 86.4 0.3 n.oo 23.2 30 8.34 315 116 080 4746 
9 57 41.9 22.7 1571 138 29 86.0 0.5 0.00 21.5 30 8.,4 315 116 080 4746 
9 58 39.6 20.7 1571 138 28 88.7 0.0 0.00 28.3 3n 8.34 315 116 080 4746 
9 59 38.2 19.8 1571 221 27 87.6 0.1 0.00 27.5 30 8.34 315 116 080 4746 
9 60 41.2 23.9 1571 166 26 84.9 0.1 c.oo 26.7 30 8.34 315 116 080 4746 
10 56 34.2 14.8 1330 138 32 88.6 2.7 0.00 18.6 31 7.95 276 100 073 3835 
10 57 34.1 17.5 1330 138 38 73.5 2.7 0.11 13.3 31 7.95 276 100 073 3835 
10 58 34.7 15.8 1330 111 33 87.5 0.9 0.00 16.1 31 7.95 276 100 07, 3835 
10 59 33.3 17.6 1330 166 38 82.9 1.~ 0.29 17.3 3] 7.95 276 100 073 3835 
10 60 34.7 15.1 1330 111 35 89.4 0.6 0.37 16.3*31 7.95 276 100 073 3835 
11 56 25.0 08.3 1024 138 45 76.5 0.9 n.oo 11.5 3n 7.11 215 ~80 054 25?3 
11 57 23.4 11.4 1024 138 63 63.4 3.9 3.06 07.0 30 7.11 215 nBC 054 25?~ 
11 58 23.6 09.0 1024 III 53 63.6 2.9 0.80 06.6 30 7.11 215 080 054 2523 
11 59 24.2 10.6 1024 166 52 79.7 2.0 0.54 08.0 30 7.11 215 080 054 2523 
11 60 25.1 12.: 1024 138 61 71.7 2.8 0.62 15.3 30 7.11 215 080 054 2523 
12 56 16.9 03.6 0906 166 67 61.2 3.8 0.18 06.5 31 7.05 168 066 040 2115 
12 5~-17.0 05.5 0906 138 75 70.2 1.0 1.24 03.7 31 7.05 168 066 040 2115 
12 58 17.7 06.1 0906 111 74 60.9 3.70.75 04.9 31 7.05 168 066 040 2115 
12 59 18.6 04.8 0906 138 62 69.9 2.4 0.30 06.9 31 7.05 168 066 040 2115 
12 60 20.1 06.5 0906 111 69 73.1 3.0 0.41 10.4 31 7.05 168 066 040 2115 
* ESTIMATFD 
...... 
~ 
U1 
TABLE 10. EV BY HARBECKt ROHWER t AND MEYER FOR~ULAS 
,0, 
EVHS+ ERHR MO YR EV'I' RAHR FVR FRR RFVR FVM FRM RFV~~ 
1 57 4.90 2.18 -2.72 .45 2.68 -2.22 .55 2.78 -2.12 .57 
1 58 2.80 1.18 -1.62 .42 1.81 -0.99 .65 1.95 -.85 .69 
1 . 59 4.30 2.25 -2.05 .52 3.66 -0.64 .85 3.71 -.59 .86 
1 60 4.80 2.80 -2.00 .58 3.44 -1.36 .72 3.57 .... 1.23 .74 
1 61 7.60 1.32 -6.28 .17 1.79 .... 5.81 .24 1.88 --5.72 .25 
A 1 4.88 1.95 '2.93 .40 2.64 2.20 .53 2.78 2.10 .57 
2 57 7.10 4.87 -2.23 .69 4.49 -2.61 .63 4.99 -2.11 .70 
2 58 5.40 2.18 -3.22 .40 3.03 -2.37 .56 '1.60 .:...1..80 .67 
2 59 4.00 2.07 .... 1·.93 .52 2.88 -1.12 .72 3.41 ..... 59 .85 
2 60 5.60 6.02 .42 1.07 6.21 .6J 1.11 6.7q 1.1q 1 .21 
2 61 8.50 2.85 -5.65 .34 3.17 -5.'33 .37 3.63 .... 4.87 .43 
A 2 6.12 3.60 2.69 .59 3.97 2.41 .65 4.48 2.11 .73 
3 57 8.50 6.84 -1.66 .81 5.92 -2.58 .70 6.00 -2.50 .71 
3 58 9.70 10.04 .34 1.04 9.24 -0.46 .95 9.46 -.24 .98 
3 59 7.60 4.20 -3.40 .55 5.21 -2.39 .68 5.58 -2.02 .73 
3 60 9.30 6.93 -2.37 .75 6.87 .... 2.43 .74 7.12 -2.18 .77 
3 61 9.20 7.65 -1.55 .83 6.62 -2.58 .72 6.70 -2.50 .73 
A 3 8.86 7.13 1.86 .81 6.77 2.09 .76 6.97 1.89 .79 
4 57 10.00 7.36 -2.64 .74 6.65 -3.35 .67 7.12 -2.88 .71 
4 58 16.20 18.78 2.58 1.16 15.76 -0.44 .97 16.67 .47 ] .03 
4 59 13.90 11.16 -2.74 .80 11.12 -2.78 .80 12.09 -1.81 .87 
4 60 8.50 12.37 3.87 1.45 11.17 2.67 1.31 11.97 3.47 1.41 
4 61 12.20 12.82 .62 1.05 10.12 .... 2.08 .83 10.58 -1.62 .87 
A 4 12.16 12.50 2.49 1.03 10.96 2.26 .90 11.69 2.05 .96 
.... 
~ 
0'-
TABLE 10. CONTINUED 
MO YR EV EVHB ERHB RAHB EVR ERR REVR EVM ERM REVM 
5 57 15.30 15.57 .27 1.02 12.60 -2.70 .82 12.90 -2.40 .84 
5 58 21.00 26.33 5.33 1.25 22.94 1.94 1.09 23.78 2.78 1.13 
5 59 21.20 16.49 -4.71 .78 15.85 -5.35 .75 16.68 ..... 4.52 .79 
5 60,11.00 21.68 10.68 1.97 20.84 9.84 1.89 21.92 10.92 1.99 
5 61 13.10 33.4q 20.39 2.56 24.23 1].13 1.85 24.28 11.18 1.85 
A 5 16.32 22.71 8.28 1.39 19.25 6.19 1.18 19.91 6.~6 1.22 
6 56 33.00 48.75 15.75 1.48 35.11 2.11 1.06 36.06 3.06 1.09 
6 57 25.90 37.28 11.38 1.44 29.42 3.52 1.14 30.77 4.87 1.19 
6 58 29.40 33.80 4.40 1.15 28.36 --1.04 .96 '30.00 .60 1.02 
6 59 31.50 40.87 9.37 1.30 32.25 -0.75 1.02 33.72 2.22 1.07 
6 60 13.90 34.68 20.78 2.49 29.09 15.19 2.09 30.78 16.88 2.21 
A 6 26.74 39.08 12.34 1.46 30.85 4.5;? 1.15 32.26 5.52 1.21 
7 56 36.60 44.32 7.72 1.21 38.3t; 1.75 1.05 ~8.8;? 2.2;? 1.n6 
7 57 28.00 35.08 7.08 1.25 32.29 4.29 1.15 13.05 '3.05 1.lR 
7 58 34.80 42.32 7.5'2 1.27 ')6.62 2.54 1.0t; 17.()7 2.27 1.07 
7 59 31.60 44.97 13.37 1.42 37.00 5.40 1.17 37.09 5.49 1.17 
7 60 14.90 37.99 23.09 2.55 34.96 20.06 2.35 '35.78 20.88 2.40 
A 7 29.18 40.94 11.76 1.40 35.85 8.64 1.23 36.36 7.18 1.25 
8 56 32.00 18.32-13.68 .57 25.47 ..... 6.53 .79 27.26 -4.74 .85 
8 57 27.20 27.10 -.10 1.00 30.08 2.88 1.11 31.18 3.98 1.15 
8 58 30.60 23.74 ~6.86 .78 29.09 -1.51 .95 30.60 .00 1.00 
8 59 30.60 34.24 3.64 1.12 33.21 2.61 1.0B 33.61 3.0] 1.10 
8 60 25.50 27.85 2.35 1.09 30.92 5.42 1 .2] 32.05 6.55 1.26 
A 8 29.18 26.25 5.33 .90 22.05 .... O.2t; .90 '30.94 3.66 1.06 
....... 
~ 
-.J 
TABLE 10. CONTINUED 
MO YR EV EVHB ERHB RAH8 EVR ERR REVR EVM ERM RFVM 
9 56 23.20 18.67 -4.53 .80 22.95 -0.25 .99 24.59 1.39 1.06 
9 57 21.50 16.12 -5.38 .75 21.87 .37 1.02 23.78 2.28 1.11 
9 58 28.30 14.45-13.85 .51 19.60 -8.70 .69 21.31 .... 6.9q .75 
9 59 27.50 21.95 -5.55 .80 23.57 -3.93 .86 24.65 -2.85 .90 
9 60 26.70 20.50 -6.20 .77 25.21 -1.49 .94 27.00 .30 1.01 
A 9 25.44 18.34 7.10 .72 22.62 2.95 .89 24.27 2.76 .95 
10 56 18.60 9.44 -9.16 .51 13.71 -4.89 .74 14.43 -4.17 .78 
In 57 13.30 9.3(1 -4.0n .70 13.51 .2] 1. n] 14.27 .91' 1.("17 
10 58 16.1C 7.82 -8.28 .49 12.90 -3.20 .80 13.81 -2.29 .86 
10 59 17.30 10.96 -6.34 .63 14.43 -2.87 .83 14.96 -2.'34 .86 
10 60 16.30 7.43 -8.87 .46 12.26 -4.04 .75 13.12 -3.18 .80 
A 10 16.32 8.99 7.33 .55 13.36 3.04 .82 14.11 2.58 .86 
11 56 11.50 4.44 -7.06 .39 6.62 -4.88 .58 7.19 .... 4.31 .63 
11 57 7.00 3.13 -3.87 .45 4.67 -2.33 .67 5.07 -1.93 .72 
11 58 6.60 2.99 -3.61 .45 5.05 -1.55 •. 76 5.58 -1.02 .85 
11 59 8.00 4.89 -3.11 .61 6.60 -].40 .82 7.07 -.93 .88 
11 60 15.30 3.61-11.69 .24 5.37 -9.93 .35 5.84 ... q.46 .'38 
A 11 9.68 3.81 5.87 .39 5.67 4.02 .59 6.15 3.53 .64 
12 56 6.50 2.24 -4.26 .35 2.95 -3.55 .45 '3.06 .... '3.44 .47 
12 57 3.70 1.51 ..... 2.19 .41 2.19 -1.51 .59 2.31 -1.39 .62 
12 58 4.90 1.32 -3.58 .27 2.17 -2.73 .44 2.33 -2.57 .47 
12 59 6.90 2.36 -4.54 .34 3.43 -3.47 .50 3.61 "'3.29 .52 
12 60 10.40 1.72 -8.68 .17 2.84 -7.56 .27 3.04 -7.36 .29 
A 12 6.48 1.83 4.65 .28 2.84 3.76 .44 2.87 3.61 .44 
.... 
.." 
"(> 
Explanation of column headings for Tables 10 through 21 in Appendix D, Page 199. 
..po. 
00 
+ EVHB = evaporation, Harbeck; EVR = evaporation, Rohwer; EVM = evaporation, Meyer 
TABLE 11. EV BY KOKOULIN AND YATSENTKOVSKII, AND BRASLAVSKII AND VIKULINA 
MO YR TM WMS Hur'" EV EVKY+ ERKY RAKY EVBV ERRV RARV 
1 57 47.8 3.09 67. 4.90 1.37 '--3.53 .28 1.63 -3.27 .33 
1 58 51.9 2.07 77. 2.80 .81 -1.99 .29 1.02 -1.78 .36 
1 59 53.1 2.07 58. 4.30 1."17 .... 2.73 .37 ].94 -2.36 .45 
1 60 54.7 3.09 67. 4.80 1.76 -3.04 .37 2.09 -2.71 .44 
1 61 50.2 2.57 78. 7.60 .86 -6.74 .11 1.05 -6.55 .14 
A 1 51.5 2.58 69. 4.88 1.28 3.60 .26 1.54 3.34 .32 
2 57 55.6 4.64 63. 7.10 2.86 -4.24 .40 3.26 -3.84 .46 
2 58 52.9 2.07 59. 5.40 1.52 -3.88 .28 1.88 -3.52 .35 
2 59 47.8 2.07 53. 4.00 1.47 -2.53 .37 1.78 -2.22 .45 
2 60 60.4 3.60 52. 5.60 3.70 -1.90 .66 4.30 -1.30 .77 
2 61 ·55.1 3.09 67. 8.50 1.79 -6.71 .21 2.13 -6.37 .25 
A 2 54.3 3.f:"9 5Q. 6.12 2.27 3.R"1 .37 ').67 3.45 .44 
3 57 62.4 4.12 63. 8.50 4.09 -4.41 .48 4.72 -3.78 • 55 
3 58 65.9 3.60 45. 9.70 6.23 ..... 3.47 .64 7.17 -2.53 .74 
3 59 60.7 2.07 52. 7.60 2.99 .... 4.61 .39 3.62 -3.98 .48 
3 60 61.8 3.09 49. 9.30 4.43 -4.87 .48 5.17 -4.13 .56 
3 61 57.7 4.12 51. 9.20 4.'58 -4.62 .50 5.27 -3.93 .57 
A 3 61.7 3.40 52. 8.86 4.47 4.39 .50 5.19 3.67 .59 
4 57 69.5 3.09 61. 10.00 4.64 -5.36 .46 5.49 -4.51 .55 
4 58 75.9 3.60 31. 16.20 12.01 -4.19 .74 13.41 -2.79 .83 
4 59 75.6 2.57 42. 13.90 7.65 -6.25 .55 8.85 -5.05 .64 
4 60 7~.1 3.09 42. 8.50 8.0? -.48 .94 9.23 .73 1.09 
4 61 71.3 4.12 52. 12.;?O 7.67 -4.53 .63 8.83 -3.37 .72 
A 4 73.1 3.29 46. 12.16 8.(')0 4.16 .66 9.16 3.29 .75 
...... 
~ 
--0 
TAPLF 11.. rONTTNUFn 
MO YR TM WMS HUM EV EVKY ERKY RAKY EVBV ERBV RABV 
5 57 77.9 3.60 50. 15.30 9.60 -5.70 .63 11.12 -4.18 .73 
5 58 86.2 3.09 25. 21.00 18.11 -2.89 .86 19.65 -1.35 .94 
5 59 83.3 2.57 38. 21.20 11.46 -9.74 .54 13.08 -8.12 .62 
5 60 86.7 2.57 27. 11.00 15.80 4.80 1.44 17.20 6.20 1.56 
5 61 83.2 4.64 30. 1"3.10 20.03 6.93 1.53 22.41 9.31 1.71 
.A 5 8~.C:; 3.?9 34. 16.32 15.00 6.01 .C)? 16.69 5.83 l.n? 
6 56 89.7 5.14 20. 33.00 ,29.33 ~3.67 .R9 31.90 -1.10 .97 
6 57 91.1 4.12 27. 25.90 23.21 -2.69 .90 25.68 -.22 .99 
6 58 91.0 3.60 24. 29.40 22.19 -7.21 .75 24.14 -5.26 .82 
6 59 91.9 4.12 22. 31.50 25.95 -5.55 .82 28.15 -3.35 .89 
6 60 91.9 3.60 24. 13.90 22.77 8.87 1.64 24.76 10.86 1.78 
A 6 91.1 4.11 23. 26.74 24.69 5.60 .92 26.93 4.16 1.01 
7 56 95.6 4.1.2 70. 36.60 28.42 -8.18 .78 30.53 -6.07 .83 
7 57 94.6 3.60 25. 28.00 22.93 -5.07 .82 25.05 -2.95 .89 
7 58 CJ4.6 4.12 21. 34.80 27.00 -7.8() .78 29.15 -5.65 .R4 
7 59 9"3.9 4.64 24. 31.60 27.~7 -4.?~ .P7 ~().1() .... 1.50 .95 
7 60 CJ6.3 3.60 23. 14.90 215.06 1().16 1.68 27.13 12.23 1.82 
A 7 95.0 4.01 23. 29.18 26.16 7.()9 .90 28.39 5.68 .97 
8 56 95.5 2.07 26. 32.00 14.72-17.28 .46 15.78~16.22 .49 
8 57 95.2 3.09 26. 27.20 18.55 -8.65 .68 20.23 -6.97 .74 
8 58 95.2 2.57 22. 30.60 17.83-12.77 .58 18.84-11.76 .62 
8 59 92.7 4.12 24. 30.60 21.56 -9.04 .70 23.59 -7.01 .77 
8 60 94.4 3.n9 22. 25.50 19.46 -6.04 .76 20.79 -4.71 .82 
A 8 94.6 2.99 24. 29.18 18.42 10.76 .63 19.85 9.3'3 .68 
....... 
U1 
0 
TA.RLE 11. CONTINUED 
~O YR TM ""M~ HUM FV EVKY ERKY RAKY EVBV fRBV PAP\! 
9 56 86.8 3.09 24. 23.20 12.90-10.30 .56 1'3.94 -9.26 .60 
9 57 90.1 2.57 29. 21.50 11.63 -9.87 .54 12.79 -8.71 .59 
9 58 86.3 2.57 28. 28.30 10.48-17.82 .37 11.46-16.84 .41 
9 59 84.2 4.12 27. 27.50 13.66-13.84 .50 15.12-12.38 .55 
9 60 90.6 3.09 26. 26.70 14.03-12.67 .53 15.30-11.40 .57 
A 9 87.6 3.09 27. 25.44 12.54 12.90 .49 13.72 11.72 .54 
10 56 76.1 2.57 32. 18.60 6.72-11.88 .36 7.49-11.11 .40 
10 57 78.4 2.57 38. 1'3.'30 6.46 -6.84 .49 7.38 -5.92 .55 
10 58 77.5 2.07 33. 16.10 6.03-10.07 .37 6.74 -9.36 .42 
10 59 77.8 3.09 38. 17.30 7.18-1(').12 .42 8.18 -9.12 .47 
10 60 76.8 2.07 35. 16.30 5.67-10.63 .~5 6.40 -9.90 .39 
A 10 77.3 2.47 35. 16.32 6.41 9.91 .39 7.24 9.(')8 .44 
11 56 62.0 2.57 45. 11.50 3.02 -8.48 .26 3.53 -7.97 .31 
11 57 63.3 2.57 63. 7.00 2.05 -4.95 .29 2.49 -4.51 .36 
11 58 61.3 2.07 53. 6.60 2.12 -4.48 .32 2.57 -4.03 .39 
11 59 6:3.3 3.09 52. 8.0n 3.11 ....4.89 .39 3.65 -4.35 .46 
11 60 65.8 2.57 61. 1«;."30 2.~7-12.q3 .15 2.86-12.44 .19 
. A 11 6~.2 2.57 55 • 9.68 2.54 7.14 .26 3.02 6.66 .31 
12 56 50.5 3.09 67. 6.50 1.41 .. 5.09 .22 1.67 -4.83 .26 
12 57 52.3 2.57 75. 3.70 .99 -2.71 .27 J.20 -2.50 • 3~ 
12 58 53.4 2.07 74. 4.90 .90 -4.00 .18 1.13 .... 3.77 .23 
12 59 53.1 2.57 62. 6.90 1.55 -5.35 .22 1.87 -5.03 .27 
12 60 55.9 2.07 69. 10.40 1.18 -9.22 • 11 1.48 -8.92 .14 
A 12 53.0 2.47 69. 6.48 1.20 5.28 .19 1.47 5.01 .23 
+ EVKY :: evaporation, Kokoulin and Yatsentkovskii, K- Y; ...... U1 
EVBV :: evaporation, Braslavskii and Vikulina, B-V ...... 
TABLE 12. ET BY PAPADAKIS, QUIJANO, AND HAMON FORMULAS 
MO YR TMC TM HUMN OTPB F ETP+ ETQ ETH 
1 57 8.8 47.8 47. 7.20 ?1 2.00 .73 1.18 
1 58 11.1 51.9 57. 7.20 2.1 1.74 .91 1.'36 
1 59 11.7 53.1 39. 7.20 2.1 2.85 .97 1.42 
1 60 12.6 54.7 47. 7.20 2.1 2.58 1.04 1.50 
1 61 10.1 50.2 58. '.20 ?1 1.57 .84 1.~8 
A 1 10.9 51.5 50. 7.20 2.1 2.15 .90 1.35 
2 57 13.1 55.6 43. 6.97 2.1 2.88 1.08 1.31 
2 58 11.6 52.9 40. 6.97 2.1 2.92 .96 1.20 
2 59 8.8 47.8 34. 6.97 2.1 2.45 .72 1.00 
2 60 15.8 60.4 34. 6.97 2.1 4.13 1.30 1.60 
2 61 12.9 55.1 47. 6.97 2.1 2.41 1.06 1.29 
A 2 12.4 54.3 40. 6.9, /.1 2.<:)6 1.0'3 1.28 
3 57 16.9 62.4 43. 8.37 2.7 3.38 1.80 2.61 
'3 58 18.9 65.9 28. 8.37 2.7 5.40 2.00 2.93 
'3 59 16.0 60.7 34. 8.37 2.7 4.01 1.70 2.46 
3 60 16.6 61.8 31. 8.37 2.7 4.21 1.76 2.55 
3 61 14.3 57.7 33. 8.37 2.7 3.59 1.51 2.22 
A 3 16.5 61.7 34. 8.37 2.7 4.12 1.75 2.55 
4 57 20.9 69.5 42. 8.76 3.4 4.68 2.79 3.48 
4 58 24.4 75.9 18. 8.76 '3.4 8.78 3.27 4.28 
4 59 24.2 75.6 26. 8.76 '3.4 7.68 3.24 4.23 
4 60 22.9 73.1 26. 8.76 ,.4 6.61 '3.06 3.91 
4 61 21.9 71.3 34. 8.76 3.4 5.66 2.92 3.69 
A 4 22.8 7'3.1 29. 8.76 3.4 6.68 3.06 3.92 
...... 
U1 
N 
TARLF 12. CONTT"'UFf) 
MO YR TMC TM HUMN DTPB F ETP ETQ ETH 
5 57 25.5 77.9 32. 9.62 4.3 7.35 4.32 5.64 
5 58 30.1 86.2 14. 9.62 4.3 12.79 5.10 7.29 
5 59 28.5 83.3 23. 9.62 4.3 10.06 4.82 6.67 
5 60 30.4 86.7 15. 9.62 4.3 12.74 5.15 7.41 
5 61 28.5 83.2 17. 9.62 4.3 11.03 4.82 6.66 
A 5 28.6 83.5 20. 9.62 4.3 10.79 4.84 6.73 
6 56 32.1 89.7 11. 9.59 5.1 15.75 6.44 7.79 
6 57 32.9 91.1 15. 9.59 5.1 14.91 6.60 8.13 
6 58 32.8 91.0 13. 9.59 5.1 15.08 6.59 8.11 
6 59 33.3 91.9 12. 9.59 5.1 15.37 6.69 8.32 
6 60 33.3 91.9 13. 9.59 5.1 15.41 6.68 8.30 
A 6 32.9 91.1 13. 9.59 5.1 15.30 6.60 8.13 
7 56 35.4 95.6 11. 9.77 5.6 19.16 7.79 9.93 
7 57 34.8 94.6 14. 9.77 5.6 17.66 7.66 9.63 
7 58 '34.8 94.6 12. 9.77 5.6 17.59 7.66 9.63 
7 59 34.4 93.9 13. 9.77 rs.6 16.08 7.58 9.45 
7 60 35.7 96.3 13. 9.77 5.6 18.10 7.87 10.11 
A 7 35.0 95.0 13. 9.77 5.6 17.72 7.71 9.75 
8 56 35.3 95.5 15. 9.27 5.6 17.91 7.78 8.94 
8 57 35.1 95.2 15. 9.27 5.6 18.48 7.74 8.85 
8 58 35.1 95.2 12. 9.27 5.6 18.91 7.74 8.85 
8 59 33.7 92.7 13. 9.27 5.6 16.25 7.43 8.22 
8 60 34.7 94.4 12. 9.27 5.6 17.47 7.64 8.64 
A 8 34.8 94.6 13. 9.27 5.6 17.81 7.67 8.70 
..... 
lJl 
VJ 
TABLE 12. CONTINUED 
MO YR TMC TM HUMN DTPB F FTP ETQ ETH 
9 56 30.5 86.8 13. 8.34 4.7 14.1, 5.63 5.44 
9 57 32.3 90.1 17. 8.,4 4.7 15.09 5.98 6.01 
9 58 30.2 86.3 ]6. 8.34 4.7 1'3.43 5.58 5.36 
9 59 29.0 84.2 15. 8.34 4.7 12.53 5.37 5.03 
9 60 32.6 90.6 15. 8.34 4.7 14.86 6.02 6.10 
A 9 30.9 87.6 15. 8.34 4.7 14.01 5.72 5.59 
10 56 24.5 76.1 19. 7.95 3.8 9.65 3.67 3.68 
10 57 25.8 78.4 23. 7.95 3.8 9.10 3.86 3.96 
10 58 25.3 77.5 19. 7.95 3.8 9.84 3.78 3.84 
10 59 25.5 77.8 23. 7.95 3.8 8.70 3.81 ,.88 
10 6(') 24.9 76.8 ?1. 7.QI) ~.8 q.67 ~.73 '3.77 
A 10 25.2 77.3 21. 7.95 3.8 9.39 3.77 3.83 
11 56 It:·.7 62.0 28. 7.11 2.5 5.00 1.64 1.81 
11 57 17.4 63.3 43. 7.11 2.5 3.57 1.71 1.90 
11 58 16.3 61.3 34. 7.11 ?5 4.18 1.60 1.77 
11 59 17.4 63.3 34. 7.11 2.5 4.39 1.71 1.90 
11 60 18.8 65.8 42. 7.11 2.5 4.08 1.85 2.06 
A 11 17.3 63.2 36. 7.11 2.5 4.24 1.70 1.89 
12 56 10.3 50.5 47. 7.05 2.1 2.23 .85 1.25 
12 57 11.3 52.3 55. 7.05 ?1 1.91 .93 1.32 
12 58 11.9 53.4 54. 7.05 2.1 ?04 .98 1.38 
12 59 11.7 53.1 42. 7.()5 2.1 2.70 .97 1.36 
12 60 13.3 55.9 49. 7.05 2.1 2.63 1.10 1.50 
A 12 11.7 53.0 50. 7.05 2.1 2.30 .97 1.36 
+ ETP = ET, Papadakis; ETQ ::: ET, Quijano; ETH ::: ET, Hamon ...... 111 
~ 
TABLE 13. EVAPORATION AND FVAPOTRA~SPIRATION BY PENMAN FORMULAS 
MO YR T(\-1 RADP W HUMP SUNP ETPIM1- EV EVP ERRVP RATVP 
1 57 47.8 8.2 166. .67 .61 1.67 4.90 3.57 -1.33 .73 
1 '58 51.9 B.2 111. .,7 .51 1.?~ 2.80 ?'30 -.50 .82 
1 59 53.1 8.? 111. .1;8 .67 1.77 4.'30 4.'37 .07 1.02 
1 60 54.7 8.2 166. .67 .76 1. oJ 4.80 4.59 -.21 .96 
1 61 50.2 8.2 138. .78 .75 1.23 7.60 2.32 ... 5.28 .31 
A 1 51.5 8.2 138. .69 .66 1.57 4 •. 88 3.43 1.48 .70 
2 57 55.6 10.2 249. .63 .75 3.01 7.10 6.96 -.14 .98 
2 58 52.9 10.2 111. .59 .86 2.13 5.40 4.24 -1.16 .79 
2 59 47.8· 10.2 111. .S'3 .67 ;:>.02 4.00 4.03 .03 1.01 
2 60 60.4 9.8 193. .52 .76 3.35 5.60 9.3? 3.72 1.66 
2 61 55.1 10.2 166. .67 .79 2.35 8.50 4.66 ..... 3.84 .55 
A 2 54.3 10.1 166. .59 .76 2.~7 6.12 5.84 1.78 .95 
'3 57 62.4 12.5 221. .6'3 .5C 4.1~ a.50 10.14 1.64 1.19 
'3 58 65.9 12.5 193. .45 .74 5.24 9.70 15.56 5.86 1.60 
3 59 60.7 12.5 111. .52 .68 3.67 7.60 8.17 .57 1.07 
3 60 61.8 12.5 166. .49 .65 4.37 9.30 11.34 2.04 1.22 
3 61 57.7 12.5 221. .51 .65 4.53 9.20 11.34 2.14 1.23 
A, 3 61.7 12.5 182. .52 .64 4.39 8.86 11.31 2.45 1.28 
4 57 60.5 14.7 166& .61 .64 5.07 10.00 12.04 2.04 1.20 
4 58 75.9 14.7 193. .'31 .75 7.25 16.20 29.10 12.90 1.80 
4 59 75.6 14.7 138. .42 .69 ').98 13.90 19.66 5.76 1.41 
4 60 73.1 14.7 166. .42 .53 ').87 8.50 20.24 11.74 2.38 
4 61 71.3 14.7 221. .52 .53 ~.92 12.20 18.q9 6.79 1.56 
A 4 73.1 14.7 177. .46 .63 6.02 12.16 20.00 7.84 1.65 
I=-"-
\J1 
\J1 
TABLE 1,. CONTINUED 
MO YR TM RADP W HUMP SUNP ETPIM EV EVP ERRVP RATVP 
5 57 77.9 16.1 193. .50 .71 7.48 15.30 24.1'3 8.83 1.5R 
5 58 86.2 16.1 166. .25 .86 8.88 21.00 43.08 22.08 2.05 
5 59 83.3 16.1 138. .38 .74 7.67 21.20 29.06 7.86 1.37 
5 60 86.7 16.1 138. .27 .68 7.99 11.00 38.20 27.20 3.47 
5 61 83.2 16.1 249. .30 .68 9.73 13.10 47.84 34.74 3.65 
A 5 83.5 16.1 177. .34 .73 8.35 16.32 36.46 20.14 2.23 
6 56 89.7 16.6 276. .20 .88 11.63 3,.00 67.67 34.67 2.05 
6 57 91.1 16.6 221. .27 .89 10.~6 25.90 55.22 29.32 2.13 
6 58 91.0 16.6 193. .24 .R7 9.93 29.40 52.36 22.96 1.78 
6 59 91.9 16.6 221. .2? .77 10.42 31.50 60.53 29.03 1.92 
6 60 91.9 16.6 193. .24 .7'3 9.70 13.90 5'3.71 39.81 3.86 
A 6 91.1 16.6 221. .23 .83 10.45 26.74 57.90 31.16 2.17 
7 56 95.6 16.3 221. .20 .87 11.25 36.60 65.64 29.04 1.79 
7 57 94.6 16.3 193. .25 .92 10.62 28.00 54.35 26.35 1.94 
7 58 94.6 16.3 221. .21 .84 11.07 34.80 62.68 27~88 1.80 
7 59 93.9 16.3 249. .24 .62 11.13 31.60 64.25 32.65 2.03 
7 60 96.3 16.3 193. .23 .69 10.26 14.90 58.84 43.94 3.95 
A 7 95.0 16.3 215. .23 .79 10.87 29$lR 61.15 31.97 2.10 
8 56 95.5 15.2 Ill. .26 .80 R.09 32.00 3'5.63 3.63 1.11 
8 57 95.2 15.? 166. .26 .89 9.48 27.20 44.33 17.13 1.63 
8 58 95.2 15.2 138. .22 .92 8.78 30~60 41.85 11.25 1.37 
8 59 92.7 15.2 221. .24 .82 10.27 30.60 50.72 20.12 1.66 
8 60 94.4 15.2 166. .22 .84 9.22 25.50 45.57 20.07 1.79 
A 8 94.6 15.2 160. .24 .85 9.17 29.18 43~62 14.44 1.49 
...... 
U"1 
0' 
TARLE 1"-3. CONTINUFr) 
MO YR TM RADP W HUMP SUNP ETPIM EV EVP ERRVP RATVP 
9 56 86.8 13.3 166. .24 .86 7.37 23.20 30.54 7.34 1.32 
9 57 90.1 13.3 138. .29 .86 7.14 21.50 28.41 6.91 1.32 
9 58 86.3 13.3 138. .28 .89 6.80 28.30 25.47 --2.83 .90 
9 59 84.2 13.':3 221. .27 .88 8.20 27.50 32.51 5.01 1.18 
9 60 90.6 13.3 166. .26 .85 7.72 26.70 33.54 6.84 1.26 
A. 9 87.6 13.3 166. .27 .87 7.45 25.44 30.09 C).79 1.18 
10 56 76.1 10.9 138. .32 .8<) '1.02 18.60 1(,.63 .... 1.97 .89 
10 57 78.4 10.9 138. .38 .74 5.08 13.30 16.39 3.09 1.23 
10 58 77.5 10.9 111. .33 .88 4.66 16.10 15.21 -.89 .94 
10 59 77.8 10.9 166. .38 .83 5.51 17.30 17.93 .63 1.04 
10 60 76.8 10.9 111. .35 .89 4.61 16.30 14.45 -1.85 .89 
A 10 77.3 10.9 133. .35 .84 4.97 16.32 16.12 1.68 .99 
11 56 62.0 8.7 138. .45 .77 2.83 11.50 7.8'3 --3.67 .68 
11 57 63.3 8.7 138. .63 .6'3 2.41 7.00 5.53 -1.47 .79 
11 58 61.3 8.7 111. .53 .64 2.'37 6.60 5.81 -.79 .88 
11 59 63.3 8.7 166. .52 .8('! /.99 8.0('! 8.('!O .on I.OO 
11 60 65.8 8.7 138. .61 .7~ /.61 15.'3('1 6."36 .... 8.94 .42 
A 11 63.2 8.7 138. .55 .71 2.64 9.68 6.71 2.98 .69 
12 56 50.5 7.4 166. .67 .61 1.58 6.50 3.67 ..... 2.83 .56 
12 57 52.3 7.4 138. .75 .70 1.19 3.70 2.66 -1.04 .72 
12 58 53.4 7.4 111. .74 .61 1.17 4.90 2.56 -2.34 .52 
12 59 53.1 7.4 138. .62 .70 1.62 6.90 4.16 -2.74 .60 
12 60 55.9 7.4 111. .69 .7'3 1.35 10.40 3.35 -7.05 .32 
A 12 53.0 7.4 133. .69 .67 1.'38 6.48 3.28 3.20 .51 
+ E TPIM = E T, Penman; EVP = EV, Penman ...... Ul 
-..J 
T.ABLE 14. 
~OYR TM 
157 47.8 
158 51.9 
159 53.1 
160 54.7 
161 50.2 
257 55.6 
258 52.9 
259 47.8 
260 60.4 
261 55.1 
357 62.4 
358 65.9 
359 60.7 
360 61.8 
361 57.7 
457 69.5 
458 75.9 
459 75.6 
460 73.1 
461 71.3 
DATA FOR PROGRAM 5~ OUTPUT OF PR()GRAM 4. 
TMX W HUM SUN RAD CMU+ CMe CMP ((M 
59.4 66. 57. 61. 9.95 1.06 .99 1.10 4.17 
61.3 44. 68. 51. 9.95 1.06 .99 1.10 4.17 
65.3 44. 47. 67. 9.95 1.06 .99 1.10 4.17 
66.6 66. 57. 76. 9.95 1.06 .99 1.10 4.17 
59.0 55. 70. 75. 9.95 1.06 .99 1.10 4.17 
67.8 100. 52. 75. 11.23 1.00 .96 1.08 4.59 
66.4 44. 48. 86. 11.23 1.00 .96 1.08 4.59 
59.0 44. 42. 67. 11.23 1.00 .96 1.08 4.59 
7?8 77. 41. 76. 11.23 1.00 .96 1.08 4.59 
64.6 66. 57. 79. 11.23 1.00 .96 1.ng 4.C;Q 
72.5 88. 52. o. 15.29 .96 .94 1.03 6.57 
79.3 77. 34. 74. 15.29 .96 .94 1.03 6.57 
72.9 44. 41. 68. 15.29 .96 .94 1.03 6.57 
73.2 66. 38. 65. 15.29 .96 .94 1.03 6.57 
69.3 88. 40. 65. 15.29 .96 .94 1.03 6.57 
81.3 66. '50. 64. 17.38 .94 .93 .Q8 7.38 
90.3 77. 23. 75. 17.38 .94 .93 .98 7.38 
89.2 55. 32. 69. 17.38 .94 .93 .98 7.38 
84.6 66. 32. 53. 17.38 .94 .93 .98 7.38 
83.3 88. 41. 53. 17.33 .94 .93 .98 7.38 
EV 
4.9 
2.8 
4.3 
4.8 
7.6 
7.1 
5.4 
4.0 
5.6 
8.5 
8.5 
9.7 
7.6 
9.3 
9.2 
10.0 
16.2 
13.9 
8.5 
12.2 
...... 
~ 
00 
TABLF 14. CONTINUFD 
MOYR TM TMX W HUM SUN 
557 77.9 90.7 77. 39. 71. 
558 86.2 100.9 66. 18. 86. 
559 83.3 96.6 55. 28. 74. 
560 86.7 101.3 55. 20. 68. 
561 83.2 97.3 100. 22. 68. 
656 89.7 106.7 110. 1 5. 88. 
657 91.1 106.5 88. 20. 89. 
658 91.(") 106.2 77. 18. 87. 
659 91.9 106.3 88. 16. 77. 
660 91.9 106.9 7T. 18. 73. 
756 95.6 113.4 88. 15. 87. 
757 94.6 111.7 77. 18. 928 
758 94.6 110.7 88. 16. 84. 
759 93.9 108.3 100. 18. 62. 
760 96.3 112.1 77. 17. 69. 
856 95 8 5 112.5 44. 19. BOIi 
857 95.2 113.'5 66. 19. 89. 
858 95.2 113.4 55. 16. 9? 
859 9 2 8 7 108.7 88. 18. 82. 
860 94.4 110.7 66. 16. 84 1i 
RAD (MU (MC 
19.67 .93 .94 
19.67 .93 .94 
19.67 .9'3 .94 
19.67 .93 .94 
19.67 .93 .94 
19.66 .96 .96 
19.66 .q6 .96 
19.66 .96 .96 
19.66 .96 .96 
19.66 .96 .96 
19.93 .99 .99 
19.93 .99 .99 
19.93 .99 .99 
19.93 .99 .99 
19.93 .99 .99 
18.'36 1.05 1.06 
18.56 1.05 ] .06 
18.56 len'S 1.06 
18.56 1.05 1.06 
18.56 1.0'5 1.06 
CMP eeM EV 
.94 8.65 15.3 
.94 8.65 21.0 
.94 8.65 21.2 
.94 8.65 11.0 
.94 8.65 13.1 
.91 8.55 33.0 
.9) 8.55 2'5.9 
.91 8.55 2<1.4 
.91 8.55 31.5 
.91 8.55 13.9 
.90 8.86 36.6 
.90 8.86 28.0 
.90 8.86 34.8 
.90 8.86 31.6 
.90 8.86 14.9 
.9'3 8.25 32.0 
.93 8.25 27.2 
.°3 8.25 '30.6 
.93 8.25 30.6 
.93 8.25 25.5 
~ 
(J1 
'" 
TABLE 14. CONTINUED 
~OYR T~ TMX W HUM SUN RAD eMU (Me (MP (eM EV 
956 86.8 104.0 66. 18. 86. 15.71 1.09 1.06 .97 6.95 23.2 
957 90.1 107.4 55. 21. 86. 15.71 1.09 1.06 .97 6.95 21.5 
958 86.3 103.3 55. 21. 89. 15.71 1.09 1.06 .97 6.95 28.3 
959 84.2 100.8 88. 20. 88. 15.71 1.09 1..06 .97 6.95 27.5 
960 90.6 106.2 66. 19. 85. 15.71 1.09 1.06 .97 6.95 26.7 
1056 76.1 93.6 55. 24. 89. 13.30 1.12 1.05 1.("17 6.04 18.6 
1057 78.4 9'3.4 55. 28. 74. 13.'30 1.12 1.05 1.07 f,. 04 13.3 
1058 77.5 94.'3 44. 24. 88. 1'3.30 1.12 I.05 1.07 6.04 16.1 
1059 77.8 91.9 66. 28. 8~. 1'3.30 1.12 1.()5 1.07 6.04 17.3 
1060 76.8 94.5 44. 26. 89. 13.30 1.12 1.05 1.07 6.04 16.'3 
1156 62.0 77.0 55. 34. 77. 10.24 1.12 1.02 1.06 4.47 11.5 
1157 63.3 74.1 55. 52. 63. 10.24 1.12 1.02 1.()6 4.47 7.0 
1158 61.3 74.5 44. 42. 64. 10.24 1.12 1.02 1.06 4.47 6.6 
1159 63.3 75.6 66. 41. 80. 10.24 1.12 1.02 1.06 4.47 8.0 
1160 65.8 77.2 55. 50. 72. 10.24 1.12 1.02 1.06 4.47 15.3 
1256 50.5 62.4 66. 57. 61. 9.06 ].10 1.00 1.n4 3.83 6.5 
1257 52.~ 6?6 55. 66. 70. 9.06 1.10 1.00 1.04 3.8'3 3.7 
1258 53.4 63.9 44. 6'5. 6 J • 9.06 1.10 1 .. Or) 1.()4 3.83 4.9 
1259 5'1.1 65.tS 55. 51. 7n. 9.06 1.10 1.n(') 1..(")4 3.81 6.9 
1260 55il 9 68.2 44. 59. 7?.. 9.06 1.10 11100 1.(")4 ?..83 10,,4 
+ eM = monthly coefficient. eMU = CM~ Utah; ei'/lC = CM? Christia:Clsen; 
eMP ::: eM, F'atil. CCl\tl = c01nbined coeffic~"ent, Ma.thison. 
~ 
0' 
o 
T.ABLF 15. FVAPOR A. T I ()N 9Y ! IT A.H FOR~tlL A 
MO YR TM Tfv1X W HUM SUN EV EVU+ ERR RAT 
1 57 47.8 59.4 124. 57. 61. 4.QO 3.81 -1.09 .78 
1 58 51.9 61.3 83. 68. 51. 2.80 3.10 .30 1.11 
1 59 53.1 65.3 83. 47. 67. 4."30 3.81 -.49 .89 
1 60 54.7 66.6 124. 57. 76. 4.80 4.86 .06 1.01 
1 61 50.2 59.0 103. 70. 75. 7.60 3.81 -3.79 .50 
A 1 51.5 62.3 103. 60. 66. 4.88 3.88 1.15 .79 
2 57 55.6 67.8 188. 52. 75. 7.10 6.78 -.32 .96 
2 58 52.9 66.4 83. 48. 86. 5.40 4.49 .... 591 .83 
2 59 47.8 59.0 8~. 42. 67. 4.00 '1.67 -.3~ .92 
2 60 60.4 7'3.A 144. 41. 76. 5.60 6.66 1.()6 1.19 
2 61 55.1 64.6 124. 57. 7Q. 8.50 5.30 -3.20 .62 
A 2 54.4 66.3 124. 48. 77. 6.12 5.38 1.16 .88 
3 57 62.4 72.5 165. 52. 50. 8.50 7.96 -0.54 .94 
3 58 65.9 79.3 144. 34. 74. 9.70 9.70 .00 1.00 
3 59 60.7 72.9 83. 41. 68. 7.60 6.33 -1.27 .83 
3 60 61.8 73.2 124. 38. 65. 9.30 7.77 -1.53 .84 
"3 61 57.7 69.3 16'). 40. 65. 9.20 8.40 -.80 .91 
A 3 61.7 73.4 1'36. 41. 64.'1 8.86 8.0~ 0.83 .91 
4 57 69.5 81.3 124. 50. 64. 10.(')0 9.37 -.6'3 .94 
4 58 75.9 90.3 144. 23. 75. 16.20 13.15 -3.05 .81 
4 59 75.6 89.2 103* 32. 69. 13.90 10.29 -3.61 .74 
4 60 73.1 84.6 124. 32. 53. 8.50 9.82 1.32 1.16 
4 61 71.3 83.3 165. 41. 53. 12.20 10.86 -1.34 .89 
A 4 73.1 85.7 132. 36. 6'3. 12.J6 10.70 1.99 .88 
"' ... 0' 
...... 
TABLE 15. CONTINUED 
MO YR T~ T~~X W HUM SUN EV EVU ERR RAT 
5 57 77.9 90.7 144. 39. 71. 15.,0 14.01 -1.29 .92 5 58 86.2 100.9 124. 18. 86. ?l.nO 16.80 
-4.20 .80 5 59 8,.3 96.6 103. 28. 74. 21.20 13.3c; 
-7.85 .63 5 60 86.7 101.3 1('1. ?0. 6B. 11.f'lO 1,.81 2.81 1.26 5 61 83.2 97.3 188. 22. 68. 13.10 18.29 5.19 1.40 
A 5 83.5 97.4 132. 25. 73. 16.32 15.25 4.27 .93 
6 56 89.7 106.7 206. 15. 88. 33.00 24.93 
-8.07 .76 6 57 91.1 106.5 165. 20. 89. 25.90 21.82 -4.08 .84 6 58 91.0 106.2 144. 18. 87. 29.40 20.08 -9.32 .68 6 59 91.9 106.3 165. 16. 77. 31.50 20.88 -10.62 
.66 6 60 91.9 106.9 144. 18. 73. 13.QO 18.75 4.85 1.35 
.A 6 91.1 106.5 165. 17. 8,. 26.74 21.29 7.39 .80 
7 56 9'5.6 11,.4 165. lli. 8 i • 16.60 24.15 -12.45 .66 7 57 94.6 111.7 144. 1A. 9? ?8.nO 22.48 
-5.52 .80 7 58 94.6 110.7 165. 16. 84. 34.80 23.41 .... 11.39 
.67 7 59 93.9 108.3 188. 18. 62. 31.60 21.93 -9.67 .69 7 60 96.3 112.1 144. 17. 69. 14.90 20.19 5.29 1.36 
A 7 95.(' 111.2 161. 17. 79. 29.18 22.43 8.86 .77 
8 56 95.5 112.5 83. 19. 80. 32.00 15.87 -16.13 .50 8 57 95.2 113.5 124. 19. 89. ?7.20 20.16 
-7.04 .74 8 58 95.2 113.4 101. 16. 92. ,0.60 18.87 ..... 11.7'3 
.62 8 59 92.7 108.7 165. 18. 8?. ,0.60 22.24 -8.36 .73 8 60 94.4 110.7 124. 16. 84. 25.50 19.63 -5.87 • 77 
A 8 94.6 111.8 120. 18. 8'5. 29.18 19.35 9.8, 
.66 
....... 
0' 
N 
TABLE 15. CONTTNUFD 
MO YR TM TMX W HUM SUN EV EVU ERR RAT 
9 56 86.8 104.0 124. 18. 86. 23.20 15.84 -7.36 .68 
9 57 90.1 107.4 103. 21. 86. 21.50 14.89 -6.61 .69 
9 58 86.3 103.3 103. 21. 89. 28.30 14.45 .... 13.85 .51 
9 59 84.2 100.8 165. 20. 88. 27.50 18.10 -9.40 .66 
9 60 90.6 106.2 124. 19. 85. 26.70 16.44 -10.26 .62 
A 9 87.6 104.3 124. 20. 87. 25.44 15.94 9.50 .63 
10 56 76.1 93.6 101. 24. 89. 18.60 10.87 -7.73 .58 
10 57 78.4 93.4 103. 28. 74. 13.30 10.19 -3.11 .77 
10 58 77.5 94.5 83. 24. 88. 16.10 9.97 -6.13 .62 
10 59 77.8 91.9 124. 28. 83. 17.30 11.65 -5.65 .67 
10 60 76.8 94.5 83. 26. 89. 16.30 9.86 -6.44 .60 
A 10 77.3 93.6 99. 26. 85. 16.32 10.51 5.81 .64 
11 56 62.0 77.0 103. 34. 77. 11.50 6.05 -5.45 .53 
11 57 63.3 74.1 103. 52. 63. 7.00 5.34 -1.66 .76 
11 58 61.3 74.5 83. 42. 64. 6.60 4.86 -1.74 .74 
11 59 63.3 75.6 124. 41. 80. B.nO 6.74 -1.26 .84 
11 60 65.8 77.2 1()~. 50. 72. 15.30 5.93 -9.37 .3 Q 
A 11 63.1 75.7 103. 44. 71. 9.68 5.78 3.90 .60 
12 56 50.5 62.4 124. 57. 61. 6.50 3.83 -2.67 .59 
12 57 52.3 62.6 103. 66. 70. 3.70 3.72 .02 1.00 
12 58 53.4 63.9 83. 65. 61. 4.90 3.27 -1.63 .67 
12 59 53.1 65.5 103. 51. 70. 6.90 4.00 -2.90 .58 
12 60 55.9 68.2 83. 59. 73. 10.40 3.78 -6.62 .36 
,A, 12 53.0 64.'5 qq. 60. 67. 6.48 '1417? 2.77 .57 
+ EVU ::: EV, Utah ....... 
'" V.> 
TABLE 16. EV BY CHRISTIANSEN, PATIL, AND MATHISON FORMULAS. 
MO YR Eve + ERR RAT EVP ERR RAT FVM FRR RAT 
1 57 3.32 -1.58 .68 2.82 .... 2.08 .58 2.93 -1.97 .60 
1 58 2.57 -.23 .92 2.65 ..... 15 .q5 2.33 -.47 .83 
1 59 3.45 -.85 .80 3.48 ..... 82 .81 3.16 ~1.14 .73 
1 60 4.15 -.65 .86 4.22 -.58 .88 3.70 "-1.10 .77 
1 61 3.10 -4.50 .41 3.18 -4.42 .42 2.54 -5.06 .33 
A 1 3.32 1.56 .68 3.27 1.61 .67 2.93 1.95 .60 
2 57 6.00 -1.10 .85 5.50 -1.60 .78 4.81 -2.29 .68 
2 58 4.16 -1.24 .77 4.43 -.97 .82 4.07 ~1.33 .75 
2 59 3.53 -.47 .88 3.14 -.86 .78 2.8q .... 1.11 .72 
2 60 6.14 .54 1.10 6.15 .55 1.10 5.70 -.40 .93 
2 61 4.65 -3.85 .55 4.86 -3.64 .57 3.4q -1i.Ol .41 
A 2 4.90 1.44 .80 4.82 1.52 .7q 4.0q 7.03 .67 
3 57 7.15 -1.35 .84 6.69 --1.81 .79 5.66 -2.84 .67 
3 58 9.29 -.41 .96 9.14 -.56 .94 8.02 -1.68 .83 
3 59 6.06 -1.54 .80 6.49 -1.11 .85 5.73 -1.87 .75 
3 60 7.42 -1.88 .80 7.31 -1.99 .79 6.06 ..... 3.24 .65 
3 61 7.96 -1.24 .87 7.08 -2.17 .77 6.2q -2.91 .68 
A 3 7.58 1.28 .RS 7.34 1.?6 .83 6.35 2. c:; 1 .77 
4 57 8.53 -1.47 .85 8.77 -1.23 .88 7.78 .... 2.22 .78 
4 58 13.01 -3.19 .80 12.22 .... 3.98 .75 10.87 ..... 5.33 .67 
4 59 9.99 -3.91 .72 10.23 --3.67 .74 9.14 --4.76 .66 
4 60 9.55 1.0.5 1.12 9.04 .54 1.06 7.55 -.95 .89 
4 61 10.16 -2.04 .83 9.22 ..... 2.98 .76 8.36 .... 3.84 .69 
A 4 10.25 2.33 .84 9.90 2.48 .81 8.74 3.42 .72 
...... 
0' 
~ 
" 
TABLE 16. CONTINUED 
MO YR EVC ERR RAT EVP ERR RAT EVM ERR RAT 
5 5.7 13.40 -1.90 .88 12.46 ..... 2.84 .81 11.64 -3.66 .76 
5 58 17.12 -3.88 .82 15.76 -5.24 .75 14.'=32 -6.68 .68 
5 59 13.32 -7.88 .63 12.84 -8.36 .61 ]1.65 .... 9.55 .55 
5 60 14.10 3.10 1.28 12.97 1.97 l.lR 12.61 1.61 1.15 
5 61 18.30 5.20 1.40 14.78 1.68 1 • 1 ~ 14.?9 1.19 I.Oe) 
A 5 15.25 4.39 .93 13.76 4.02 .84 12.90 4.54 .79 
6 56 24.92 -8.08 .76 18.65 -14.35 .57 19.24 -13.76 .58 
6 57 21.60 -4.30 .83 17.50 .... 8.40 .68 16.91 ..... 8.99 .65 
6 58 20.08 -9.32 .68 16.67 -12.73 .57 15.91 -13.49 .54 
6 59 20.93 -10.57 .66 16.24 -15.26 .52 15.42 -16.08 .49 
6 60 18.78 4.88 1.35 15.02 1.12 1.08 14.99 1.09 1.08 
A 6 21.26 7.43 .80 16.82 10.37 .63 16.49 10.68 .62 
7 56 24.18 -12.42 .66 18.05 -18.Se; .4C, 19.79 ..... 16.81 .54 
7 57 22.40 -5.60 .80 17.75 -10.25 .6':3 18.73 -9.27 .67 
7 58 23.41 -11.39 .67 17.49 -17.3J .50 18.24 -16.56 .57 
7 59 21.80 ....... 9.80 .69 15.03 -16.57 .48 15.84 -15.76 .50 
7 60 20.22 5.32 1.36 15.01 .11 1.01 16.39 1.49 1.10 
A 7 22.40 8.91 .77 16.67 12.56 .57 17.80 11.98, .61 
8 56 16.20 -15.80 .51 13.45 -18.55 .42 14.32 -17.68 .45 
8 57 20.31 -6.89 .75 15.99 -11.21 .59 17.16 ..... 10.04 .63 
8 58 19.27 -11.33 .63 15.72 -14.88 .51 16.44 -14.16 .54 
8 59 22.35 -8.25 .73 16.27 -14.31 .51 16.54 -14.06 .54 
8 60 19.98 -5.52 .78 15.47 -10.0~ .61 lC:;.6~ .... 9.87 .61 
A 8 19.62 9.56 .67 ]5.38 1~.80 .5~ 16.0? 1'1.16 .5'i 
....... 
0' 
U1 
TABLE 16. CONTINUED 
MO YR Eve ERR RAT EVP ERR RAT E'VM FRR RAT 
9 56 15.52 -7.68 .67 13.06 -10.14 .56 12.92 -10.28 .56 
9 57 14.50 -7.00 .67 12.63 .... 8.87 .5q 12.67 "'"'8.83 .59 
9 58 14.11 -14.19 .50 12.53 -15.77 .44 12.27 -.;.16.03 .43 
9 59 17.52 -9.98 .64 13.98 -13.52 .51 13.60 .... 13.90 .49 
9 60 16.02 -10.68 .60 13.30 -13.40 .50 12.44 -14.26 .47 
A 9 15.54 9.90 .61 13.10 12.34 .51 12.78 12.66 .50 
10 56 10.24 -8.36 .55 10.36 .... 8.24 .56 9.80 -8.80 .53 
10 57 9.47 -3.83 .71 9.37 --3.93 .70 A.52 -4.78 .64 
10 58 9.44 -6.66 .59 9.9] -6.19 .62 9.21 .... 6.89 .57 
10 59 10.77 -6.53 .62 10.49. ..... 6.81 .61 8.8] -8.49 .51 
10 60 9.28 -7.02 .57 9.83 ""'6.47 .60 9.4() -6.90 .58 
A 10 9.84 6.48 .60 9.99 6.33 .61 9.15 7.17 .56 
11 56 5.47 .... 6.03 .48 5.39 .... 6.11 .47 5.17 --6.33 .45 
11 57 4.51 -2.49 .64 4.63 .... 2.37 .66 3.81 --3.19 .54 
11 58 4.31 -2.29 .65 4.38 .... 2.22 .66 4.12 -2.48 .62 
11 59 5.89 -2.11 .74 5.83 .... 2.17 .7'3 4.79 -3.21 .60 
11 60 5.02 .... 10.28 .31 5.30 -10.00 .35 4.29 -11.01 .28 
A 11 5.04 4.64 .52 5.11 4.57 .53 4.44 5.24 .46 
12. 56 3.23 -3.27 .50 2.74 -3.76 .42 2.92 -3.58 .45 
12 57 3.00 -.70 .81 2.91 -.79 .79 2.68 -1.02 .72 
12 58 2.66 -2.24 .54 2.67 -2.2~ .55 2.52 -2.38 .51 
12 59 3.45 -3.45 .50 3.19 -3.71 .46 3.15 -3.75 .46 
12 60 3.15 -7.25 .30 3.29 -7.11 .32 3.16 -7.24 .30 
A 12 3.10 3.38 .48 2.96 3.52 .46 2.89 3.59 .45 
+ EVC = EV, Christiansen; EVP = EV, Pati1; EVM ::: EV, Mathison ...... 
0' 
0' 
TABLE 17. EVAPOTRANSPIRATION BY GRASSI, JENSEN AND HAISE, AND TtJRC FORMULAS 
MO YR TM RAD SUN CLC ETGM+ ETGV ETGE ETJC ETJS ETPT 
1 57 47.8 9.95 60.6 4.4 3.58 3.48 6.38 1.69 1.73 1.83 
1 58 51.9 9.95 51.2 5.5 3.51 3.44 3.51 1.79 1.90 1.92 
1 59 53.1 9.95 66,.6 3.4 4.03 3.91 !=i.~4 2.~1 2.26 2.30 
1 60 54.7 9.95 75.15 ,., 4.12 4.01. 5.87 2.47 ?57 2.5A 
1 61 ~0.2 9.95 75.4 4.6 3.60 3.53 9.6 0 1.81 2.16 2.27 
A 1 51.5 9.95 65.9 4.2 3.77 ,.67 6.16 2.02 2.13 2.18 
2 57 55.6 11.23 74.8 3.5 4.39 4.26 8.60 2.82 2.98 3.18 
2 58 52.9 11.23 86.4 2.4 4.53 4.36 6.71 2.81 2.94 3.27 
2 59 47.8 11.23 66.9 4.1 3.86 3.75 5.22 1.95 2.05 2.35 
2 60 60.4 11.23 75.5 3.9 4.56 4.44 6.47 3.17 3.49 3.41 
2 61 55.1 11.23 78.5 3.4 4.34 4.26 10.34 2.81 3.02 3.25 
A 2 54.3 11.23 76.4 3.5 4.34 4.22 7.47 2.71 2.90 3.09 
3 57 62.4 15.29 50.a 5.6 5.36 5.32 9.61 3.84 4.1A 3.41 
3 58 65.9 15.29 74.0 3.8 6.19 6.12 10.57 5.08 5.47 4.54 
3 59 60.7 15.29 67.6 4.3 5.76 5.64 8.75 4.2J 4.51 3.97 
3 60 61.8 15.29 65.1 4.1 5.83 5.74 10.59 4.40 4.56 3.95 
3 61 57.7 15.29 65.0 3.3 5.88 5.74 10.92 4.20 4.03 3.66 
A 3 61.7 15.29 64.3 4.2 5.80 5.71 10.09 4.35 4.55 3.91 
4 57 69.5 17.38 64.2 5.3 6.40 6.45 10.47 5.44 6.28 5.01 
4 58 75.9 17.38 75.4 4.4 7.02 7.19 15.74 6.83 7.87 5.92 
4 59 75.6 17.38 69.2 4.1 7.08 7.26 13.56 6.94 7.45 5.58 
4 60 73.1 17.38 52.7 4.4 6.84 7.00 8.54 6.44 6.16 4.62 
4 61 71.3 17.33 52.7 4.4 6.77 6.87 12.51 6.18 5.90 4.53 
A 4 73.1 17.33 62.8 4.5 6.82 6.95 12.16 6.17 6.7", 5.13 
........ 
0' 
-J 
TABLE 17. CONTINUED 
MO YR TM RAD SUN CLC ETGM ETGV ETGE ETJC ETJS ETPT 
5· 57 77.9 19.67 71.1 4.8 7.67 7.99 14.50 7.74 8.96 6.30 
5 58 86.2 19.67 85.5 3.1 8.64 9.36 17.85 10.46 11.57 7.56 
5 59 83.3 19.67 74.1 3.4 8.42 9.02 18.74 9.74 10.14 6.73 
5 60 86.7 19.67 68.2 3.4 8.54 9.29 9.28 10.32 10.26 6.52 
5 61 83.2 19.67 68.0 2.3 8.93 9.53 11.60 10.69 9.65 6.36 
A 5 83.5 19.67 73.4 3.4 8.44 9.04 14.40 9.79 10.12 6.70 
6 56 89.7 19.66 87.9 .1 10.05 11.03 26~69 13.9~ 12.45 8.11 
6· 57 91.1 19.66 88.7 1.1 9.56 10.67 20.5n 13.27 12.81 8.'22 
6 58 91.0 19.66 87.0 .8 9.71 10.85 23.31 13.62 12.64 8.11 
6 59 91.9 19.66 76.6 .8 9.69 10.93 24.64 13.81 11.89 7.47 
6 60 91.9 19.66 72.9 .5 9.83 11.04 10.89 14.04 11~55 7.22 
A 6 91.1 19.66 82.6 .7 9.77 10.90 21.20 13.73 12.27 7.83 
7 56 95.6 19.93 87.0 .1 10.30 11.76 27.03 15.45 13.72 8.15 
7 57 94.6 19.93 91.5 0.0 10.33 11.73 21.04 15.34 13.93 8.40 
7 58 94.6 19.93 84.2 .3 10.17 11.60 26.15 15.08 13.25 7.93 
7 59 93.9 19.93 62.4 .8 9.87 11.29 23.98 14.42 11.10 6.49 
7 60 96.3 19.93 68.7 .6 9.99 11.S6 10.89 15.()6 12.0 Q 6.97 
A 7 95.0 19.93 78.8 .4 10.13 11.59 21.82 15.(')7 12.82 7.59 
8 56 95.5 18.56 80.0 .6 9.46 10.84 23.67 13.88 12.14 7.20 
8 57 95.2 18.56 89.2 .3 9.67 10.99 20.23 14.17 12.89 7.75 
8 58 95.2 18.56 91.5 0.0 9.77 11.11 22.76 14.42 13.09 7.89 
8, 59 92.7 18.56 81.8 0.0 9.67 10.89 23.67 13.89 11.79 7.21 
8 60 94.4 18.56 83.8 .3 9.59 10.92 19.21 14.00 12.27 7.39 
A 8 94.6 18.56 85.3 .2 9.63 10.95 21.91 14.07 12.44 7.48 
..... 
0"-
00 
TABLE 17. CONTINUED 
MO YR TM RAD SUN CLC ETGM ETGV ETGE ETJC FTJS fTPT 
9 56 86.8 15.71 86.4 .4 8.23 8.85 19.55 10.44 9.40 6.40 
9 57 90.1 15.71 86.0 .6 8.18 9.00 17.27 10.R'3 9.89 6.50 
9 58 86.3 15.71 88.7 0.0 8.35 8.96 24.03 10.62 9.46 6.50 
9 59 84.2 15.71 87.6 .1 8.25 8.76 24.02 10.17 9.07 6.'36 
9 60 90.6 15.71 84.9 .1 8.31 9.24 21.31 11.29 9.88 6.46 
A 9 87.6 15.71 86.7 .3 8.26 8.96 21.24 10.67 9.54 6.44 
10 56 76.1 13.30 88.6 3.4 6.09 6.17 18.03 5.75 6.65 5.03 
10 57 78.4 13.30 73.5 '3.4 6.09 6.30 12.52 6.02 6.24 4.53 
10 58 77.'3 13.30 87.5 1.1 6.82 6.96 15.35 7.08 6.78 5.04 
10 59 77.8 13.30 82.9 1.9 6.1:)] 6.74 16.42 6.74 6.61 4.88 
10 60 76.8 13.30 89.4 .8 6.q4 7.04 1';.66 7.19 6.78 5.0Q 
A 10 77.3 13.30 84.4 2.1 6.49 6.64 15.59 6.55 6.6] 4.91 
11 56 62.0 10.24 76.5 1.1 5.02 4.87 13.07 3.80 3.36 3.16 
11 57 63.3 10.24 63.4 4.9 4.13 4.09 7.84 2.85 3.14 2.88 
11 58 61.3 10.24 63.6 3.6 4.38 4.28 7.55 3.04 2.98 2.80 
11 59 63.3 10.24 79.7 2.5 4.70 4.63 8.96 3.54 3.57 3.31 
11 60 65.8 10.24 71.7 3.5 4.53 4.52 16.68 3.47 3.59 3.21 
A 11 63.2 10.24 71.0 3.1 4.55 4.48 10.82 3.34 3.33 3.07 
12 56 50.5 9.06 61.2 4.A ~.4() '1.29 8.27 1.66 1.78 1.87 
12 57 52.3 9.06 70.2 1.3 4.11 4.01 4.63 2.42 2.06 2.14 
12 58 53.4 9.06 60.9 4.6 3.52 3.44 6.06 1.89 1.99 2.03 
12 59 53.1 9.06 69.9 3.0 3.85 3.72 8.57 2.17 2.12 2.18 
12 60 55.9 9.06 73.1 3.8 3.82 3.71 12.56 2.25 2.40 2.40 
A 12 53.0 9.06 67.1 3.5 3.74 3.63 8.02 2.08 2.07 2.13 
+ ETGM = ET,'Gras'si''1ajETGV = ET, Grassi 1b; ETGE = ET, Grassi 3a ...... 0' 
ETJC :::: ET, Jensen and Haise {cloud cover}; ETJS :::: ET, Jensen and Haise '-'> 
{sunshine}; ETPT :::: ET, Turc 
TABLE 18. ANNUAL HEAT 
MO YR TMX 
1 57 59.4 
1 58 61.3 
1 59 65.3 
1 60 66.6 
1 61 59.0 
2 57 67.8 
2 58 66.4 
2 59 59.0 
2 60 73.8 
2 61 64.6 
3 57 72.5 
3 58 79.3 
3 59 12.9 
3 60 73.2 
3 61 69.3 
4 57 81.'3 
4 58 90.3 
4 59 89.2 
4 60 84.6 
4 61 83.3 
5 57 90.7 
5 58 100.9 
5 59 96.6 
5 60 101.3 
5 61 97.3 
INDEX (THORNTHWAITE) 
TMC TIM+ 
8.8 2.4 
11.1 3.'3 
11.7 3.6 
1?6 4.1 
10.1 2.9 
13.1 4.3 
11.6 3.6 
8.8 2.3 
15.8 5.7 
1?9 4.2 
16.9 6.3 
18.9 7.5 
16.0 5.8 
16.6 6.1 
14.3 4.9 
20.9 8.7 
24.4 11.0 
24.2 10.9 
22.9 10.0 
21.9 9.3 
25.5 11.8 
30.1 15.1 
28.5 13.9 
30.4 15.4 
28.5 13.9 
AND ANNUAL EFFECTIVE HEAT 
FM TTY FY 
.85 
.91 
1.03 
1.07 
.A4 
1.00 
.96 
.76 
1.2l 
.91 
1.26 
1.47 
1.27 
1.28 
1.16 
1.48 
1.75 
1.72 
1.58 
1.54 
1.82 
2.14 
2.00 
2.15 
2.03 
(L-J) 
..... 
-.J 
o 
TABLE 18. CONTINUED 
MO YR TMX 
6 56 106.7 
6 57 106.5 
6 58 106.2 
6 59 106.3 
6 60 106.9 
7 56 113.4 
7 57 111.7 
7 58 110.7 
7 59 108.3 
7 60 112.1 
8 56 112.5 
8 57 113.5 
8 58 113.4 
8 59 108.7 
8 60 110.7 
9 56 104.0 
9 57 107.4 
9 58 103.3 
9 59 100.8 
9 60 106.2 
10 56 93.6 
10 57 93.4 
10 58 94.5 
10 59 91.9 
10 60 94.5 
TMC TIM 
32.1 16.7 
'32.Q 17.~ 
32.8 17.3 
33.3 17.6 
33.3 17.6 
35.4 19.3 
34.8 18.8 
34.8 18.8 
34.4 18.5 
35.7 19.6 
35.3 19.3 
35.1 19. ] 
35.1 19.1 
3'3.7 18.0 
34.7 18.7 
30.5 15.4 
32.3 16.9 
30.2 15.2 
29 .. 0 14.3 
32.6 17.1 
24.5 11.1 
25.8 12.0 
25.3 11.6 
25.5 11.7 
24.9 11.4 
FM 
2.24 
2.24 
2.22 
2.23 
2.25 
2.52 
2.47 
2.44 
2.37 
2.48 
2.49 
2.53 
2.52 
2.38 
2.44 
2.16 
2.26 
2.14 
2.06 
2.22 
1.Ql 
1.90 
1.94 
1.86 
1.94 
TTY FY 
....... 
-J 
....... 
TABLE 18. CONTINUED 
MO YR TMX TMC TIM FM TTY FY 
11 56 77.0 16.7 6.2 1.35 
11 57 74.1 17.4 6.6 1.26 
11 58 74.5 16,3 6.0 1.27 
11 59 75.6 17.4 6.6 1.'31 
11 60 77.2 18.8 7.4 1.36 
12 56 62.4 10.3 3.0 .94 
12 57 62.6 11.3 3.4 .95 
12 58 63.9 11.9 3.7 .99 
12 59 65.5 11.7 3.6 1.04 
12 60 68.2 13.3 4.4 1.12 
1956 .... 57 124.3 20.02 
1957-58 134.6 20.84 
1958-59 128.1 20.30 
1959-60 131.7 20.52 
1960-61 131.4 20.27 
MEAN VALUES FOR FIVE YEARS 130.1 20.39 
+ TIM::: monthly heat index; FM ::: monthly effective heat; Try::: annual heat index; 
FY :: annual effective heat 
...... 
-J 
N 
TABLE 19. ET BY THORNTHWAITE, LOWRY-JOHNSON, AND MUNSON 
MO YR TM TMX TI,..., FM ETPTA+ ETMLJ ETM 
1 57 47.8 59.4 2.4 .8 .17 1.99 .53 
1 58 51.9 61.3 3.3 .9 .35 2.13 .59 
1 59 53.1 65.3 '=3.6 1.0 .41 2.42 .60 
1 60 54.'7 66.6 4.1 1.1 .51 2.51 .63 
1 61 50.2 59.0 2.9 .8 .26 1.96 .56 
A 1 51.5 62.3 ':\.1' .9 .38 2.20 .58 
2 57 55.6 67.8 4.3 1.0 .56 2.3'5 1.08 
2 58 52.9 66.4 3.6 1.0 .39 2.26 1.02 
2 59 47.8 59.0 2.3 .8 .17 1.77 .90 
2 60 60.4 73.8 5.7 1.2 .97 2.84 1.20 
2 61 55.1 64.6 4.2 .9 .53 2.14 1.07 
A 2 54.3 66.3 4.0 1.0 .60 2.27 1.05 
3 57 62.4 72.5 6.3 1.3 1.43 2.94 2.0Q 
3 58 65.9 79.3 7.5 1.5 1.qQ 3.44 1'.1'3 
3 59 60.7 72.9 5.A 1.3 1.1'0 2.97 2.02 
3 60 61.8 73.2 6.1 1.3 1.34 2.99 2.07 
3 61 57.7 69.3 4.9 1.2 .86 2. 7 1 1.90 
A 3 61.7 73.4 6.1 1.3 1.32 3.01 2.06 
4 57 69.5 81.3 8.7 1.5 2.81 3.47 3.16 
4 58 75.9 90.3 11.0 1.7 4.50 4.10 3.50 
4 59 75.6 89.2 10.9 1.7 4.39 4.02 3.48 
4 60 73.1 84.6 10.0 1.6 3.70 3.69 3.35 
4 61 71.3 83.3 9.3 1.5 3.23 3.61 3.26 
A 4 73.1 85.7 10.0 1.6 3.45 3.78 3.35 
...... 
-J 
VJ 
TABLE 19. CONTINUED 
MO YR TM TMX TIM FM ETPTA FT~LJ ETM 
5 57 77.9 90.7 11.8 1.8 5.63 4.26 4.62 
5 58 86.2 100.9 15.1 2.1 9.26 5.01 5.19 
5 59 83.3 96.6 13.9 2.0 7.86 4.69 4.99 
5 60 86.7 101.3 15.4 2.1 9.54 5.0, 5.23 
5 61 83.2 97.3 13.9 2.0 7.82 4.75 4.99 
A 5 83.5 97.4 14.0 2.0 6.77 4.75 5.00 
6 56 89.7 106.7 16.7 2.2 11.15 5.25 5.60 
6 57 91.1 106.5 ]7.~ 2.2 ]?OO 5.24 5.70 
6 58 91.0 106.2 17.3 2.2 11.qr; '5.21 5.6 q 
6 59 91.9 106.3 17.6 2.2· ]2.'50 5.22 5.75 
6 60 91.9 106.9 17.6 2.2 ]2.45 5.26 5.75 
A 6 91.1 106.5 17.3 2.2 10.17 5.24 5.70 
7 56 95.6 113.4 19.3 2.5 15.23 5.91 6.73 
7 57 94.6 111.7 18.8 2.5 14.47 5.79 6.65 
7 58 94.6 110.7 18.8 2.4 14.47 5.71 6.65 
7 59 93.9 108.3 18.5 2.4 14.03 5.54 6.60 
7 60 96.3 112.1 19.6 2.5 15.69 5.82 6.78 
A 7 95.C 111.2 19.0 2.5 12.29 5.75 6.68 
8 56 95.5 112.5 19.3 2.5 14.41 '5.84 6.10 
8 57 95.2 113.5 1 q. J 2.5 J4.16 S.Q2 6.07 
8 58 95.2 113.4 19.1 2.5 14.16 5.91 6.07 
8 59 92.7 108.7 18.0 2.4 12.54 5.57 5.89 
8 60 94.4 110.7 18.7 2.4 13.63 5.71 6.01 
A 8 94.6 III • 7 18.8 2.5 12.06 5.79 6.03 
..... 
-J 
..J::>. 
TABLE 19. CONTINUED 
MO YR TM TMX TIM FM ETPTA ETMLJ ETM 
9 56 86.8 104.0 15.4 2.2 8.'34 5.06 4.25 
9 57 90.1 107.4 16.9 2.3 9.96 5.'30 4.43 
9 58 86.3 103.3 15.2 2.1 8.10 5.01 4.22 
9 59 84.2 100.8 14.3 2.1 7.21 4.81 4.10 
9 60 90.6 106.2 17.1 2.2 10.lQ 5.21 4.46 
A 9 87.6 104.3 15.8 2.2 8.50 5.08 4.29 
10 56 76.1 93.6 11.1 1.9 4.1'; 4.47 2.86 
10 57 78.4 93.4 12.0 1.9 4.85 4.46 2.96 
10 58 77.5 94.5 11.6 1.9 4.54 4.54 2.92 
10 59 77.8 91.9 11.7 1.9 4.65 4.35 2.93 
10 60 76.8 94.5 11.4 1.9 4.36 4.54 2.89 
A 10 77.3 93.6 11.6 1.9 4.1:;8 4.47 2. 0 1 
11 56 62.0 77.0 6.'2 1.4 1.17 3.16 1.54 
11 57 63.3 74. J 6.6 1.3 1.33 2. 0 6 1.'18 
11 58 61.3 74.5 6.0 1.3 1.10 2.99 1.52 
11 59 63.3 75.6 6.6 1.3- 1.33 3.06 1.58 
11 60 65.8 77.2 7.4 1.4 1.68 3.18 1.65 
A 11 63.2 75.7 6.6 1.3 1.50 3.07 1.57 
12 56 50.5 62.4 3.0 .9 .27 2.21 .82 
12 57 52.3 62.6 3.4 .9 .36 2.22 .85 
12 58 53.4 63.9 3.7 1.0 .42 2.31 .88 
12 59 53.1 65.5 3.6 1.0 .40 2.43 .87 
12 60 55.9 68.2 4.4 1.1 .c:;q 2.63 .03 
A 12 53.0 64.5 3.6 1.0 .47 2.36 .87 
+ ETPTA == ET, Thornthwaite; ETMLJ == ET, Lowry-Johnson; 
...... ETM = ET, Mathison 
-.] 
U1 
TABLE· 20. EVAPORATION AND EVAPOTRANSPIRATION BY BLANEY-CRIDDLE FORMULAS 
MO YR TM DTP FBC+ ETK ETBC EV FVK EVBC ERR RAT 
1 57 47.8 7.20 3.44 .58 2.00 4.90 1.05 1.62 -1.28 .74 
1 58 51.9 7.20 ':1.74 .58 2.17 ?80 1.12 4.20 1.40 1.50 
1 59 53.1 7.20 3.82 .58 2.22 4.'30 1.14 4.37 .07 1.02 
1 60 54.7 7.20 3.94. .58 2.28 4.80 1.17 4.62 -.]8 .96 
1 61 50.2 7.20 3.61 .58 2.10 7.60 1.09 3.95 -3.65 .52 
A 1 51.5 7.20 3.71 .58 2.15 4.88 1.12 4.15 1.32 .85 
2 57 55.6 6.97 3.87 .66 2.56 7.10 1.19 4.61 -2.49 .65 
2 58 52.9 6.97 3.69 .66 2.4'3 5.40 1.14 4.21 -1.19 .78 
2 59 47.8 6.97 3.33 .66 2.20 4.00 1.05 3.49 -.51 .87 
2 60 60.4 6.97 4.2] .66 2.78 5.60 1.27 5.36 -.24 .96 
2 61 55.1 6.97 3.84 .66 2.54 8.£;0 J.18 4.54 .... '3.96 .5'3 
A 2 54.3 6.97 3.79 .66 2.50 6.12 1.17 4.44 1.68 .7'3 
3 57 62.4 8.37 5.22 .70 3.66 8.50 1.31 6.85 -1.65 .81 
3 58 65.9 8.37 5.52 .70 3.86 9.70 1.37 7.58 .... 2.12 .78 
3 59 60.7 8.37 5.08 .70 3.56 7.60 1.28 6.51 -1.09 .86 
3 60 61.8 8.37 5.17 .70 3.62 9.30 1.30 6.72 -2.58 .72 
3 61 57.7 8.37 4.83 .70 3.38 9.20 1.23 5.92 -3.28 .64 
A 3 61.7 8.37 5.16 .70 3.62 8.86 1.30 6.72 2.14 .76 
4 57 69.5 8.76 6.09 .88 5.36 10.00 1.44 8.76 -1.24 .88 
4 58 75.9 8.76 6.65 .88 5.85 16.20 ].55 10.':12 -5.88 .64 
4 59 75.6 8.76 6.62 .88 5.82 13.90 1.54 10.23 -3.67 .74 
4 60 73.1 8.76 6.41 .88 5.64 8.50 1.50 9.62 1.12 1.13 
4 61 71.3 8.76 6.25 .88 5.50 12.20 1.47 9.18 .... ,.02 .75 
A 4 73.1 8.76 6.40 .88 5.63 12.16 1.50 9.62 2.99 .79 
....... 
-J 
0' 
TABLE 20. CONII~UED 
MO YR TM DTP FBC ETK ETBC EV EVK EVBC ERR RAT 
5 51 77.9 9.62 7.49 1.12 8.39 15.30 1.59 11.89 "''3.41 .78 
5 58 86.2 9.62 8.29 1.12 9.29 21.00 1.73 14.38 -6.62 .68 5 59 83.3 9.62 8.01 1.12 8.98 21.20 1.68 13.48 -7.72 .64 5 60 86.7 9.62 8.34 1.12 9.34 11.00 1.74 14.55 3.5'5 1.32 5 61 83.2 9.62 8.00 1.12 8.97 13.10 1.68 13.46 .36 1.03 
A 5 83.5 9.62 8.03 1.12 8.99 16.32 1.69 13.55 4.33 .83 
6 56 89.7 9.59 8.60 1.22 10.49 33.00 1.80 15.45-17.55 .47 6 57 91.1 9.59 8.74 1.22 10.66 25.90 1.82 15.92 --9.98 .61 6 58 91.0 9.59 8.73 1.22 10.65 29.40 1.82 15.89-13.51 .54 6 59 91.9 9.59 8.82 1.22 10.76 31.50 1.84 16.19-15.31 
.51 6 60 91.9 9.59 8.81 1.22 10.75 13.90 1.83 16.16 2.26 1.16 
A 6 91.1 9.59 8.74 I.2? 10.66 '26.74 1.82 15. 0 3 11.72 .60 
7 56 95.6 9.77 9.34 1.29 12.05 36.60 1.90 17.77-18.83 .49 7 5:L 94.6 9.77 9.24 1.29 11.92 28.00 1.8A 17.39-10.61 .62 7 58 94.6 9.77 9.24 1.29 11.92 34.80 1.88 17.39-17.41 .50 
7 59 93.9 9.77 9.18 1.29 11.84 31.60 1.87 17.18-14.42 .54 7 60 96.3 9.77 9.40 1.29 12.13 14.90 1.91 18.00 3.10 1.21 
A 7 95.0 9.77 9.28 1.29 11.97 29.18 1.89 17.55 12.87 .60 
8 56 95.5 9.27 8.86 1.28 11.34 32.00 1.90 16.83-15.17 .53 8 57 95.2 9.27 8.82 1.28 11.29 27.20 1.89 16.71 ...... 10.49 
.61 8 58 95.2 9.27 8.82 1.28 11.29 30.60 1.89 16.71-13.89 
.55 8 59 92.7 9.27 8.59 1.28 10.99 30.60 1.8'5 15.89 ..... 14.71 
.52 8 60 94.4 9.27 8.75 1.28 11.20 25.50 1.8B 16.44 .... 9.06 
.64 
A 8 94.6 9.27 8.77 1.28 11.22 29.18 1.88 16.52 12.66 .CJ7 
...... 
-.J 
-.J 
TABLE 20. CONTINUED 
MO YR TM DTP FBC ETK ETBC EV EVK EV8C ERR RAT 
9 56 86.8 8.34 7.24 1.16 8.40 23.20 1.75 12.64-10.56 .54 
9 57 90.1 8.34 7.52 1.16 8.72 21.50 1.80 13.57 .... 7.93 .63 
9 58 86.3 8.34 7.19 1.16 8.35 28.30 1.74 12.49"-15.81 .44 
9 59 84.2 8.34 7.02 1.16 8.15 27.50 1.70 11.93-15.57 .43 
9 60 90.6 8.34 7.56 1.16 8.76 26.70 1.81 13.69-13.01 .51 
A 9 87.6 8.34 7.31 1.16 8.47 25.44 1.76 12.86 12.58 .51 
10 56 76.1 7.95 6.05 1.00 6.05 18.60 1.55 9.41 -9.19 .51 
10 57 78.4 7.95 6.24 1.00 6.24 13.30 1.60 C).Q5 -~.'35 .75 
10 58 77.5 7.95 6.16 1.00 6.16 16.10 1.58 9.72 -6.'38 .60 
10 59 77.8 7.95 6.19 1.0e 6.19 17.30 1.59 9.80 ..... 7.50 .57 
10 60 76.8 7.95 6.11 1.00 6.11 16.30 1.57 9.57 -6.73 .59 
A 10 77.3 7.95 6.15 1.00 6.15 16.32 1.58 9.69 6.63 .59 
11 56 62.(" 7.11 4.41 .80 3.52 11.50 1.30 5.74 --5.76 .50 
11 57 63.3 7.11 4.50 .80 3.60 7.00 1.33 5.97 .... 1.03 .85 
11 58 61.3 7.11 4.36 .80 3.49 6.60 1.29 5.63 -.97 .85 
11 59 63.3 7.11 4.50 .80 3.60 8.00 1.33 5.97 -2.03 .75 
11 60 65.8 7.11 4.68 .80 3.74 lC:;.~O 1.37 6.42 -~.R8 .47 
A 11 63.2 7.11 4.49 .80 3.59 9.68 1.32 5.95 3.73 .61 
12 56 50.5 7.05 3.56 .66 2.35 6.50 1.10 3.91 -2.59 .60 
12 57 52.3 7.05 3.68 .66 2.43 3.70 1.13 4.16 .46 1.13 
12 58 53.4 7.05 3.77 .66 2.49 4.90 1.15 4.33 -.57 .88 
12 59 53.1 7.05 3.74 .66 2.47 6.90 1.14 4.28 ..... 2.62 .62 
12 60 55.9 7.05 3.94 .66 2.60 10.40 1.20 4.72 ..... '5.68 .45 
A 12 53.0 7.05 '1.74 .66 2.47 6.48 1.14 4.28 2.39 .66 
+ FBC = F, Blaney-Criddle; ETBC = ET, Blaney-Criddle; EVBC = EV, Blaney-Criddle ~ 
-.J 
00 
\ 
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TABLE 21. EVAPORATION AND FVAPOTRANSPIRATION BY HARGREAVES FORMULAS 
MO YR Tfv1X TM! TM HUMN DTP ETH+ EV EVH ERR RAT 
1 57 59.4 36.3 47.8 47. 7.20 .96 4.90 2.75 -2.15 .56 
1 58 61.3 42.4 51.9 57. 7.20 .98 2.80 2.80 .00 1.00 
1 59 65.3 40.8 53.1 39. 7.20 1.48 4.30 4.23 -.07 .98 
1 60 66.6 42.8 54.7 47. 7.20 1.38 4.80 3.94 ..... 86 .82 
1 61 59.0 41.4 50.2 58. 7.20 .88 7.60 2.50 -5.10 .33 
A 1 62.3 40.7 51.5 50. 7.20 1.14 4.88 3.25 1.64 .67 
2 57 67.8 43.3 55.6 43. 6.q7 1.74 7.10 4.25 -2.85 .60 
2 58 66.4 39.4 52.9 40. 6.97 1.64 5.40 4.00 -1.40 .74 
2 59 59.0 36.5 47.8 34. 6.97 1.34 4.00 3.28 -.72 .82 
2 60 73.8 46.9 60.4 34. 6.97 2.45 5.60 5.98 .38 1.07 
2 61 64.6 45.7 55.1 47. 6.97 1.59 8.50 3.89 -4.61 .46 
A 2 66.3 42.4 54.3 40. 6.97 1.75 6.12 4.28 1.99 .70 
3 57 72.'5 52.3 62.4 43. 8.37 3.03 8.50 6.58 ..... 1.92 .77 
3 58 79.3 52.5 65.9 28. 8.37 4.29 9.70 9.32 -.38 .96 
3 59 72.9 48.6 60.7 34. 8.37 3.34 7.6() 7.27 -.33 .96 
3 60 73.2 50.4 61.8 31. 8.37 3.60 9.30 7.82 -1.48 .84 
3 61 69.3 46.0 57.7 33. 8.37 3.03 9.20 6.58 -2.62 .71 
A 3 73.4 50.0 61.7 34. 8.37 '3.46 8.86 7.51 1.35 .85 
4 57 81.3 57.7 69.5 42. 8.76 5.44 10.00 8.77 .... 1.23 .88 
4 58 90.3 61.5 75.9 18. 8.76 8.93 16.20 14.41 -1.79 .89 
4 59 89.2 61.9 75.6 26. 8.76 8.02 13.90 12.93 -.97 .93 
4 60 84.6 61.7 73.1 26. 8.76 7.57 8.50 12.21 3.71 1.44 
4 61 83.3 59.4 71.3 34. 8.76 6.46 12.20 10.42 -1.78 .85 
A 4 85.7 60.4 73.1 29. 8.76 7.28 12.16 1].75 1.90 .97 
...... 
-J 
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TABLE 21. CONTINUED 
MO YR TMX TMI TM HUMN DTP ETH EV EVH ERR RAT 
5 57 90.7 65.1 77.9 32. 9.62 10.95 1').30 13.69 -1.61 .89 
5 58 100.9 71.4 86.2 14. 9.62 16.35 21.00 20.44 -.56 .97 
5 59 96.6 7().O 83.3 23. 9.62 13.91 21.20 17.39 -3.81 .82 
5 60 101.3 72.1 86.7 15. 9.62 16.27 11.00 20.34 9.34 1.85 
5 61 97.3 69.1 8~.2 17. 9.62 14.88 13.10 18.60 5.50 1.42 
A 5 97.4 69.5 83.5 20. 9.62 14.47 16.32 18.09 4.16 1.11 
6 56 106.7 72.7 89.7 11. 9.59 17.96 33.00 22.45-10.55 .68 
6 57 106.5 75.7 91.1 15. 9.59 17.53 25.90 21.91 ~3.99 .85 
6 58 106.2 75.9 91.0 13. 9.159 17.89 ?9.40 ?2.3n -7.04 .76 
6 59 106.3 77.5 91.9 12. -<1.'59 18.42 ~1.~O ?~.02 -8.48 .73 
6 60 106.9 76.8 91.9 13. 9.59 18.14 1'3.9'" 22.67 8.77 1.63 
A 6 106.5 75.7 91.1 13. 9.59 17.99 26.74 22.48 7.76 .84 
7 56 113.4 77.9 95.6 11 • 9.77 20.18 36.60 25.23-11.37 .69 
7 57 11].7 77.4 94.6 14. 9.77 19.17 28.00 23.97 -4.03 .86 
7 58 110.7 78.4 94.6 12. 9.77 19.71 34.80 24.64-10.16 .71 
7 59 108.3 79.5 93.9 13. 9.77 19.12 31.60 23.89 -7.71 .76 
7 60 112.1 80.4 96.3 13. 9.77 19.98 14.90 24.97 10.07 1.68 
A 7 111.2 78.7 95.0 13. 9.77 19.63 29.18 24.54 8.67 .84 
8 56 112.5 78.6 <)5.5 15. 9.27 18.~~ 32.00 22.9~ -9.~7 .72 
8 '57 113.5 76.8 95.2 15. 9.27 lR.?4 27.20 22.80 -4.40 .84 
8 58 113.4 77.0 95.2 12. 9.27 18.76 30.60 23.46 -7.14 .77 
8 59 108.7 76.6 92.7 13. 9.27 17.77 ,0.60 22.21 -8.39 .73 
8 60 110.7 78.1 94.4 12. 9.27 18.52 25.50 23.15 -2.35 .91 
A 8 111.7 77.4 94.6 13. 9.27 18.33 29.18 22.91 6.27 .79 
....... 
00 
0 
TAALI=" 21. CnNT Il\lUFIJ 
MO YR rfv1X TMI TM HUMN DTP ETH EV E'VH ERR RAT 
9 56 104.0 69.6 86.8 13. 8.34 14.44 23.20 18.05 -5.15 .78 
9 57 107.4 72.9 90.1 17. 8.34 ]LJ·.76 21.50 18.45 -3.05 .86 
9 58 103.3 69.3 86.3 16. 8.~4 13.89 28.30 17.36-10.94 .61 
9 59 100.8 67.6 84.? 1 I:) • 8.~4 13.46 27.50 16.82-10.68 .61 
q n0 l n 6./? 75.0 90,.6 15. 8.~4 11:).22 26.7() lQ.O? -7.68 .71 
A. 9 1 0 4.3 70.9 87.6 IS. 8.~4 14.~5 ?t;.44 17.94 7.5('1 .71 
1(') 56 93.6 58.6 76.1 19. 7.95 9.51 }R.A0 13.02 -5.58 .7() 
1(') 57 93.4 63.5 78.4 23. 7.95 q.I)O ]3.30 13.01 -.29 .98 
10 58 94.~ 60.4 77.5 19. 7.95 9.72 16.10 ]3.31 -2.79 .83 
10 59 91.9 63.7 77.8 23. 7.95 9.37 17.30 12.83 -4.47 .74 
10 60 94.5 59.2 76.8 21. 7.95 9.42 16.3(') 12.90 -3.40 .79 
A 10 93.6 61.1 77.3 21. 7.q5 9.50 16.32 13.01 3.31 .80 
11 56 77.0 46.9 62.n 28. 7 • 11 3.78 11.50 7.00 -4.50 .61 
11 1:)7 74.1. 52.5 63.~ 43. 7 • 1 1 ~ .11 7.no 5.75 -1.25 .82 
11 'S8 74.r::., 48.:::> hl.~ ~/.J. • 7.11 ?~6 6.6("1 6.23 -.37 .94 
1 1 r::.,o, 75.6 S 1 • 1 f-,~.~ 34. 7.11 ~.64 8.('1('1 6.74 -1.26 .84 
11 60 77.2 S4.'S 65.8 4/. 7.11 ~.47 11:).30 6.42 -8.88 .47 
A 11 75.7 50.6 63.? 36. 7.11 3.47 9.68 6.43 3.25 .66 
12 56 62.4 38.5 50.5 47. 7.05 1.26 6.50 3.14 -3.36 .48 
12 57 62.6 41.9 52.3 55. 7.0'5 1.11 3.70 2.93 -.77 .79 
12 58 63.9 43.0 53.4 54. 7.05 1.27 4.90 3.17 -1.73 .65 
12 59 65.5 40.6 53.1 4?. 7.05 J .56 6.90 3.90 -3.00 .57 
I? 60 68.2 43.7 55.9 4q. 7.(')5 1.'S7 ]0.40 ~.92 -6.4·8 .38 
A 12 64.5 41. '5 53.() 50. 7.0S 1.36 6.48 3.41 ,.07 .53 
+ ETJI = ET, IIar'grec.ves; E-'-vI-I = EV~ Hargreaves 
~ 
00 
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TABLE 22. 
MO YR 
1 57 
1 58 
1 59 
1 60 
1 61 
2' 57 
2 58 
2 59 
2 60 
2 61 
3 57 
3 58 
3 59 
3 60 
3 61 
4 57 
4 58 
4 t;9 
4 60 
4 61 
MONTHLY VALUES OF THE BLANFY-CRIDDLE 
TM EV f')TP 
47.8 4.9* 7.20 
51.9 2.8 7.20 
53.1 4.3 7.20 
54.7 4.8 7.20 
50.2 7.6 7.20 
55.6 7.1 6.97 
52.9 5.4 6.97 
47.8 4.('1 6.97 
6n.4 5.6 6.97 
55.1 8.5 6.97 
62.4 8.5 8.37 
65.9 9.7 8.37 
60.7 7.6 8.37 
61.8 9.3 8.37 
57.7 9.2 8.37 
69.5 10.0 8.76 
75.9 16.2 8.76 
75.6 1~.9 8.76 
7~.1 R.S 8.76 
71.~ 1'.'* 8. 7 f.t 
!( FOR FVAPORATION 
BCK ABCK 
1.42 
.75 
1.13 
1.22 
2.10 1.32 
1.83 
1.47 
1.20 
1.33 
2.21 1.61 
1.63 
1.76 
1.50 
1.80 
1.91 1.72 
1.64 
2.44 
2.10 
1.33 
1.qr; 1.ql 
BCKA 
1.50 
1.55 
1.67 
I.Q4 
..... 
00 
N 
TABLE 22. CONTINUED 
MO YR TM 
5 56 79.1 
5 57 77.q 
') 58 86.2 
5 59 8~.'1 
5 60 86.7 
5 61 83.2 
6 56 89.7 
6 57 91.1 
6 58 91.0 
6 59 91.9 
6 60 91..9 
7 56 95.6 
7 57 94.6 
7 58 94.6 
7 159 9~.9 
7 60 96.3 
8 56 95.5 
8 57 95.2 
8 58 95.2 
8 59 92.7 
8 A('\ 94.4 
EV DTP 
25.8 9.62 
15.3 9.62 
71.0 0.62 
21.2 9.62 
11.0 9.62 
13.1 9.62 
33.0 9.59 
25.9 9.59 
29.4 9.59 
31.5 9.59 
13.9 9.59 
36.6 9.77 
78.0 9.77 
~4.A 9.77 
~1.6 Q.77 
14.C) 9.77 
32.0 9.27 
27.2 9.27 
30.6 9.27 
30.6 9.27 
25.5 9.27 
BCK 
3.39 
2.04 
2.133 
2.65 
1.'12 
1.64 
3.84 
2.96 
3.37 
3.57 
1.58 
3.92 
3.03 
,.77 
3.44 
1.58 
3.61 
3.08 
3.47 
3.56 
2.91 
ABCK 
2.26 
3.06 
3.15 
3.33 
BCKA 
2.35 
2.85 
'1.20 
3.30 
..... 
00 
VJ 
TABLE 22. CONTINUFD 
MO YR TM EV DTP BCK ABCK BCKA 
9 r:;6 86.8 ?'3.2 8.34 ;.20 
q 57 90.1 21.5 8.34 2.86 
9 58 86.3 28.3 8.34 3.93 
9 59 84.2 27.5 8.34 3.92 
9 60 90.6 26.7 8.34 3.53 3.49 3.15 
10 56 76.1 18.6 7.95 3.07 
10 57 78.4 13.3 7.95 2.13 
10 58 77.5 16.1 7.95 2.61 
10 59 77.8 17.3 7.95 2.80 
10 60 76.8 16.3* 7.9r; 2.67 2.66 2.76 
11 56 62.0 11.5 7.11 2.61 
11 57 63.3 7.0 7.11 1.55 
11 ')8 61.3 6.6 7.11 1.51 
11 59 63.3 8.0 7.11 1.78 
11 60 65.8 15.3 7.11 3.27 2.14 2.15 
12 56 50.5 6.5* 7.05 1.83 
12 57 52.3 3.7 7.05 1.00 
12 58 53.4 4.9 7.05 1.30 
12 59 53.1 6.9 7.05 1.84 
12 60 55.q 1n.4 7.05 2.64 1.72 1.68 
* ESTIMATED VALUE = MEAN FOR SAME MONTH OF OTH~P YEARS. 
BCK = COMPUTED VALUE OF K 
ABCK = MEAN VALUE OF COMPUTED K 
BCKA = ADJUSTED VALUES OF K FROM FIGURE 6 
--00 
~ 
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Table 23. Computation Sheet for Penman Method of Computing Evapo-
transpiration (after Criddle) 
Location: Boise, Idaho Latitude: 430 34' 
Frost-free period: 4/23-10/17 
A. Data: 
1. Air Temp. -
2. Relative humidity - % (E st. ) 
3. Sunshine n/N - % (Est. ) 
4. Windspeed, u2 - Mi/day at 2 m (Est. ) 
5. Radiation rate, RA - mm H20/day 
6. Reflection coefficient - % (Est. ) 
B. Solving expression: RA (1 - r) (0. 18 + 0.55 n/N) 
7. (1 - r) 
8 . (0. 18 +-, O. 55 n / N) 
9. Item S'x· item 7 x item 8 
Crop: Alfalfa 
July 
72.5 
40 
70 
135 
16.2 
25 
0.75 
0.565 
6.86 
C. Solving expression: (1 Ta 4 (0.56 - 9. 092 ~) (0.10 + 0.90 n/N) 
10. Vapor pressure 
. (~.) Saturated, ea (see Fig. 14) 
" (b) Actual ed = (R.H. x ea) 
(c) ~ 
1 1 . cr T a 4 (s e e Fi g • 1 6 ) 
12. (0.56 - O~ 092 t.Jed) 
1 3. (0. 1 0 + O. 90 n / N) 
1 4. Item 1 1 x item 1 2 x item 1 3 
D. Solving for H 
15. Item 9 minus item 14 
E. Sol vi ng for Ea = O. 35 (e a - e d) (1 + O. 009 8uZ ) 
16. = 0.35(ea - ed) 
17. = (1 + O. 0098u2) 
1 8 . I tern 1 6 x item 1 7 
F S 1 · f E f:::l. H + O. 27 Ea 
• 0 vlng or T = f:::l. + 0.27 
1 9 . f:::l. (s e e Fi g . 1 5 ) 
20. f:::l. H 
21. 0.27Ea 
22. f:::l. + 0.27 
23. ET = (mm of water per day) 
(in. of water per day) 
(in. of water per month) 
21.0 
8.4 
2.9 
15.37 
0.29 
0.73 
3.25 
3.61 
4.41 
2.32 
10.2 
0.65 
2.23 
2.75 
0.92 
6.67 
0.26 
7.18 
TABLE 24. TOTAL SOLAR RADIATION, R, RECEIVED AT THF TOP OF THF ATMOSPHERE, 
EXPRESSED AS EQUIVALENT DEPTH OF EVAPORATION IN INCHES+ 
MONTH 0 
JAN 17.88 
FEB* 16.83 
MAR 18.64 
A,PR 17.5" 
MAY 17.12 
JUN 15.97 
JUL 16.70 
AUG 17.52 
SEP 17.67 
OCT 18.38 
NOV 17.37 
DEC 17.70 
10 
15.80 
15.55 
18.20 
18.05 
18.48 
17.63 
18.26 
18.44 
17.65 
17.34 
15.57 
15.36 
LATITUDE, DEGREES NORTH 
20 
13.34 
13.82 
17.20 
18.10 
19.70 
18.84 
19.33 
18.82 
17."9 
1'5.79 
13.35 
12.61 
30 
10.55 
11.71 
15.69 
17.58 
19.55 
19.60 
19.91 
18.69 
16.n;;> 
1~.78 
10.80 
9.66 
40 
7.55 
9.30 
13.70 
16.59 
19.02 
19.89 
20.00 
18.02 
14.47 
1 1 • '38 
8.02 
6.67 
*FEB. COMPUTED FOR AVERAGE OF 28.25 DAYS. 
50 
4.57 
6.65 
11.30 
15.11 
18.05 
19.79 
19.68 
16.89 
12.4A 
8.66 
5.12 
3.81 
60 
1.77 
3.92 
8.58 
13.27 
19.52 
19.14 
15.40 
10.23 
'3.73 
2.29 
1.19 
+ FROM CHRISTIANSEN AND PATIL (1961), COMPUTED FROM DATA BY SHAW (1942) 
...... 
00 
0' 
TABLE 25. 
LAT JAN 
8.50 
5 8.32 
10 8.13 
15 7.94 
20 7.74 
25 7.53 
30 7.30 
32 7.20 
34 7.10 
36 6.99 
38 6.87 
40 6.76 
42 6.63 
44 6.49 
46 6.34 
48 6.17 
50 5.98 
52 5.77 
54 5.55 
56 5.30 
58 5.01 
60 4.67 
PERCENT DAY-LtGHT HOURS FOR BlANEY-CRIDDlF FORMULA 
FER MAR APR MAY JUNF JULY AUG SEP OCT 
7.66 8.49 8.21 8.50 8.22 8.50 8.49 8.21 8.50 
7.57 8.47 8.29 8.65 8.41 8.67 8.60 8.23 8.42 
7.47 8.45 8.37 8.81 8.60 8.86 8-.71 8.25 8.34 
7.36 8.43 8.44 8.98 8.80 9.05 8.83 8.28 8.26 
7.25 8.41 8.52 9.15 9.00 9.25 8.96 8.30 8.18 
7.14 8.39 8.61 9.33 9.23 9.45 9.09 8.32 8.09 
7.D3 8.38 8.72 9.53 9.49 9.67 9.22 8.33 7.99 
6.97 8.37 8.76 9.62 9.59 9.77 9.27 8.34 7.95 
6.91 8.~6 8.80 9.7? 9.7('1 9.88 9.~3 8.36 7.90 
-6.85 8.35 8.85 9.82 9.82 9.99 9.40 8.37 7.85 
6.79 8.34 8.90 9.92 9.95 10.10 9.47 8.38 7.80 
6.72 8.33 8.95 10.02 10.08 10.22 9.54 -8.39 7.75 
6.65 8.31 9.00 10.14 10.22 10.35 9.62 8.40 7.69 
6.58 8.30 9.06 10.26 10.38 10.49 9.70 8.41 7.63 
6.50 8.29 9.12 10.39 10.54 10.64 9.79 8.42 7.57 
6.41 8.27 9.18 10.53 10.71 1(').80 9.89 8.44 7.51 
6.30 8.24 9.24 10.68 10.91 10.99 10.00 8.46 7.45 
6.19 8.21 9.29 10.85 11.13 11.20 10.12 8.49 7.:;9 
6.08 8.18 9.36 11.03 11.38 11.43 10.26 8.51 7.30 
5.95 8.15 9.45 11.22 11.67 11.69 10.40 8.53 7.21 
5.81 8.12 9.55 11.46 12.00 11.9"8 10.55 8.55 7.10 
5.65 8.08 9.65 11.74 12.39 12.31 10.70 8.57 6.98 
NOV 
-8.22 
8.07 
7.91 
7.75 
7.58 
7.40 
7.19 
7.11 
7.02 
6.92 
6.82 
6.72 
6.62 
6.49 
6.36 
6.23 
6.10 
5.93 
5.74 
5.54 
4.31 
5.04 
f"')F( 
8.50 
8.30 
,8.10 
7.88 
7.66 
7.42 
7.15 
7.05 
6.92 
6.79 
6.66 
7.52 
6.37 
6.21 
6.04 
5.86 
'5.65 
5.43 
5.18 
4.89 
4.56 
4.22 
..... 
00 
-J 
TABLE 26. 
LAT JAN 
1.04 
10 1.00 
20 0.95 
30 0.90 
35 0.87 
40 0.84 
45 0.80 
50 0.74 
MEAN POSSIBLE DURATION OF SUNLIGHT FOR THE THORNTHWAITE METHOD, 
EXPRESSED IN UNITS OF 30 DAYS OF 12 HOURS EACH 
FEB MAR APR "ItAY JUNE JULY AUG SEP OCT NOV DEC 
0.94 1.04 1.01 1.04 1.01 1.04 1.()4 1.01 1.04 1.01 1.04 
0.91 1.03 1.03 1.08 1.06 1.08 1.07 1.02 1.02 0.98 0.99 
0.90 1.03 1.05 1.13 1.11 1.14 1.11 1.02 1.00 0.93 0.94 
0.87 1.03 1.08 l.lA 1.17 1.20 1.14 1.0, n.98 0.89 0.88 
0.85 1.03 1.09 1.21 1.21 1.23 1.16 1.03 0.97 0.86 0.85 
0.83 1.03 1.11 1.24 1.25 1.27 1.18 1.04 . 0.96 0.83 0.81 
0.81 1.02 1.13 1.28 1.29 1.31 1.21 1.04 0.94 0.79 0.75 
0.78 1.02 1.15 1.31 1.'36 1.37 1.25 1.0-6 0.92 0.76 0.70 
...... 
00 
00 
TABLE 27. EVAPOTRANSPIRATION RY P. E. INDEX METHOD 
JAN FFB MAR APP MAY JUI\lE JULY AUG SEP OCT NOV nEe 
TEMP P/F PIE P/F P/F PIF PIE PIE PIE PIE PIE ~/f PIE 
1.0 1.8 3.2 4.4 5.8 6.0 6.8 6.1 4.6 3.5 2.3 1.5 
28.4 0.26 0.42 0.10 0.98 1.20 1.24 1.44 1.37 1.03 0.76 0.56 0.30 
30 0.28 0.47 0.78 1.08 1.34 1'.39 1.59 1.51 1.14 0.85 0.62 0.40 
32 0.31 0.52 0.86 1.18· 1.48 1.53 1.75 1.65 1.25 0.94 0.67 0.44 
3-4 0.34 0.57 0.94 1.29 1.62 1.68 1.90 1.78 1.36 1.02 0.73 0.48 
36 0.36 0.62 1.02 1.39 1.75 1.82 2.06 1.92 1.46 1.11 0.78 0.52 
38 0.39 0.67 1.10 1.49 1.89 1.96 2.21 2.{)6 1.57 1.19 0.84 0.56 
40 0.42 0.71 1.19 1.59 2.03 2.1) 2.'36 2.19 1.68 1.28 0.89 0.60 
42 (1.45 0.86 1.27 1.69 2.17 2.25 2.'5;:> 2.33 1.78 1.37 0.9'5 0.65 
44 0.48 0.81 1.35 1.BO ?.30 2.40 2.6R 2.47 1.89 1.46 I.Ol 0.69 
46 0.51 0.86 1.43 1.ql 2.44 2.54 2.83 2.60 2.00 1.55 1.07 0.73 
48 0.53 0.90 1.51 2.01 2.58 2.66 2.99 2.73 2.10 1.64 1.13 0.77 
50 0.56 0.95 1.59 2.12 2.72 2.80 3.14 2.87 2.21 1.73 1.18 0.81 
52 0.59 1.00 1.61 2.22 2.85 2.94 3.30 3.00 2.32 1.82 1.24 {).85 
54 0.62 1.04 1.75 2.33 2.99 3.08 3.45 3.14 2.43 1.90 1.30 0.89 
56 0.65 1.09 1.83 2.44 3.12 3.23 3.61 3.28 2.54 1.98 1.36 0.93 
58 0.68 1.14 1.19 2.54 3.26 3.38 3.77 3.42 2.-65 2.07 1.42 0.97 
60 0.71 1.19 1.99 2.65 3.40 3.52 3.9? 3.56 2.76 2.16 1.48 1.01 
62 0.74 1.24 2.07 2.76 3.53 3.-66 4.01 3.10 2.88 2.24 1.54 1.05 
65 0.77 1.29 2.15 2.86 3.66 3.79 4.23 1.84 2.99 2.32 1.60 1.10 
66 0.80 1.34 2.2'3 2.97 ':3.80 3.93 4.39 3.98 3.10 2.41 1.66 1.14 
68 0.83 1.3q 2.31 3.08 3.94 4.n7 4.5-4 4.13 3 .. 21 2.50 1.72 1.18 
70 n.87 1.44 2.39 3.19 4.08 4.21 4.69 4.27 3.32 2.59 1.78 1.22 
72 0.89 1.49 2.47 3.30 4.22 4.3'5 4.8'; 4.41 3.43 ?68 1.84 1.26 
74 0.92 1.54 2.55 3.41 4.36 4.49 5.02 4 .. 56 3.54 2.77 1.90 1.30 
76 0.95 1.59 2.63 3.52 4.50 4.63 5.18 4.70 3.65 2.86 1.96 1.35 
78 0.98 1.64 2.71. 3.63 4.64 4.77 5.34 4.84 3.76 2.95 2.02 1.39 
80 1.01 1.69 2.79 3.74 4.78 4.91 5.49 4.98 3.87 3.04 2.08 1.43 
82 1.04 1.74 2.87 3.85 4.92 5.05 5.65 5.12 3.98 3.13 2.14 1.47 
...... 
00 
'" 
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Figure 17. Blaney-Criddle nomograph for monthly consumptive use (Criddle, 1961) 
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Monthly values of heat index, i, for computing 
evapotranspiration by Thornthwai te method 
(R.edrawn from I sraelsen, 1962) 
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Appendix D 
Explanation of ColuIIln Headings for Tables in Appendix B 
P~ocedure fQr finding the Parabolic Equation 
Discussion of the Penman Method 
(by J. E:. Christiansen) 
Explanation of Column Headings for Tables in Appendix B 
; I i 
All tables:: 
DTB or DTPB :::I monthly percentage of daytime hours 
(p in Blaney-Criddle formula) 
ER or ERR = computed evaporation minus measured evaporation 
ET = evapotranspiration 
EV = evaporation 
HUMN ;::: humidity at noon 
R, RA, or RAT= ratio of computed evaporation to measured evaporation 
TM = mep'n tempe:r;ature in degrees ;F 
TMC = mean temperature ~n degrees C 
TMI ::;: mean minimum temperature in degrees F 
TMX = mean maximum temperature in degrees F 
WMS = wind apeecl. in meters per second 
All other column headings are footnoted on tables to which they apply 
199 
200 
Procedure for tindins the coefficients of a parabolic equation 
P~ot a smooth curve to best represent tbe data. Select three 
points on the curve, for which the coordinates are Xo Y 0' X 1 Y 1, and 
Prepare the table: 
x Y AY A2Y 
Xo Y 0 
AY 
0 
Xl Y 1 A2Y 0 
AY 1 
X2 YZ 
Find: 
D..Y = Y1 - Y 0 0 
AY = Y2 - Y1 1 
A2Y = AY 1 ... AY 0 0 
The best-fit equation is: 
Y Y +U Ay +U (U - 1) A2Y = 2 0 0 0 
in which 
X 
- X 
U 0 = X X -1 0 
201 
Discus sian of the Penman Method (by J. E. Christiansen) 
After this thesis was completed and accepted, and AI-Barrak had 
departed for Iraq, our attention was called to a discrepancy and some 
confusion with regard to the Penman Method. The purpose of this discussion 
is to clarify the treatment by AI-Barrak and to correct-the results of the 
computations as presentec;i in Tables 1, 2, 3, 6, and 13. 
AI-Barra~ used Equation 24 for E , divided by the pan coefficient, C , 
a p 
(Equation 74), for computing the pan evaporation, and Equation 28, with 
H t computed from an r value of 0.25, for computing the potential evapo-
transpiration. Had he used Equation 26 for Eo divided by the pan 
coefficient, C P ' for the pan evaporation, the results would have been 
different, as given in Ta;ble 28. 
Table 28 giveE? th-e mean .monthly temperature in degrees, F; the value 
of Penman's E a , as given by Equation 24, in mm per day; the value of Eo 
as given in Equation 26, with an r value of O. 05, converted to inche s for 
the month; the Illont~ly value of the pan coefficient, C p ' from Equation 74; 
the mean value of the measured pan evaporation, Ev; thecornputed pan 
~vaporation Evp == E Ie;, and the ratio of the computed to m-easured pan 
o p 
evaporation, Evp / Ev. 
The value of the computed evapotranspiration from Equation 28 using 
an r value of 0.25 is given as Et. The value of F was computed from 
a cosine function with a January value of 0.60 and a July value of 0.80. 
EtF is the value of the evapotranspiration computed from Equation 27. 
T'able 28. Four -year mean value s of Ev and Et for Iraq by the Penman Method 
Mo ' T Ea Eo C p Ev Evp Evp/ Ev Et F EtF 
of rnm/da in. in. in. in. in. 
1 54. 7 2.66 2.25 -0.875 4.2D 2. 57 O.bl 1.,65 0 .. 600 1-. 35 
2 60.4 4. 34 3.42 0.790 5. 53 4. 33 0.78 2.63 0.613 2.10 
3 57.7 6. 53 5.44 0.705 8.75 7.72 0.88 4.39 0.650 3. 54 
4 71.3 10.86 7.40 O. ·643 13.08 11.52 0.88 6.05 0.700 5.18 
5 83.2 18.30 10.24 ~ ,.0.620 17.b5 16.51 0.94 8.44 0.750 7.68 
6 91. 9 32.08 12.71 0.643 29. 95 19.77 0.66 10.64 0.787 10.00 
7 93. 9 35.66 13.09 ,0 .. 705 32.75 18.57 O. 57 11.02 0.800 10.47 
8 92. 7 27.92 11. 16 0.790 30.10 14.12 0.47 9.16 O. 787 8.78 
9 90.6 23.15 9.25 0.875 24. 73 10.57 0.43 7.61 O. 750 6.94 
10 76.8 12.33 6,25 .0.937 17.08 6.67 O. 39 4.95 0.700 4. 38 
11 63.3 5. 52 3.40 .0.960 8.2.8 3. 55 0.43 2.65 0.650 2.21 
12 53. 1 2. 51 1.95 0.937 5. 50 2.08 0.38 1.39 0.613 1. 20 
Annual 74. 1 15. 16 86. 56 0.725 197.60 117. 98 0.60 70.58 0.737 63. 83 
N 
0 
N 
203 
There i~ a striking difference in the computed pan evaporation as 
given by Equat~on 24 converted to inches per month and divided by the 
pan coefficient, as given in ·Table 28, and the value as given by EVP in 
Table 13. Tfe value s of Et for potential evapotranspiration differ from 
those given i~ Table 6 only in that they were computed from and equation 
4 for aT A that was somewhat more precise than that given in Program 3, 
~ 
and the results '1were carried to one lTIore decimal place. Values of Et 
F 
were computed from Eo with an r value of 0.05 multiplied by F. These 
value s were conaistently Ie s,s than given for Et, ranging from 80 percent 
in February to 96 percent in August. 
, 
The essential difference in the conclusions re garding evaporation is 
that the PenlTIa~ method using Equation 26 modified by the pan coefficient, 
gives values that average only 60 percent of the measured evaporation 
instead of 153 percent, as given in Tables 2 and 3. The values for Et 
4 
were changed only slightly by using a lTIore p~~cise equation for aT A' 
